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LEMON 


GELATINE 


WHICH FLAVORS 
WILL OUTSELL? 


Identical flavors to the eye, yes . . . to the taste, no. The basic difference in each case is the unique 
flavor of one—perfected to outsell—developed by IFF. 


Creating outstanding flavors for individual products is an experienced specialty of IFF. The result is a 
product which establishes brand demand, repeat sales, in a highly competitive market. 


And if you are in the international market, IFF can minimize problems of supply. Uniform manufacturing 
and quality control in all of its plants throughout the world assure customers that IFF flavors, wherever 
ordered, remain the same from batch to batch. 


For the flavors that outsell, contact IFF. 


FLAVOR DIVISION 


INTERNATIONAL FLAVORS & FRAGRANCES INC. 


417 Rosehill Place, Elizabeth 2, N. J. 
Leading Creators and Manufacturers in the World of Flavor 


ARGENTINA AUSTRIA BELGIUM BRAZIL CANADA ENGIAND FRANCE GERMANY HOLLAND INDONESIA ITALY NORWAY SOUTH AFRICA SWEDEN SWITZERIAND USA, 
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In your juice 


or blend... 


STANDARDIZE—don’t jeopardize 


Nature never standardizes the vitamin C content of 
fruits. Nature’s never uniform. Uniformity varies. So 
standardize-—don’t jeopardize—juice uniformity! 


Standardize on juice excellence, with Roche® vitamin C 
(ascorbic acid). Capitalize on quality. Give fruit juices 
and blends: acceptable vitamin C levels, ripe-fruit- 
flavor richness, a nutritional claim for your labels. 


FINE CHEMICALS DIVISION HOFFMANN-LA ROCHE INC. nutiey 1°. New Jersey 


Keep Faith with Nature—Guard her Goodness a 
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TANDARDIZE —don’t jeopardize 


Nature never standardizes the vitamin C content of fruits. 
Nature’s never uniform. Uniformity varies. So standardize 
—don’t jeopardize—juice uniformity. 


Standardize on juice excellence, with Roche* vitamin C 
(ascorbic acid). Capitalize on quality. Give fruit juices and 
their blends: acceptable vitamin C levels, ripe-fruit-flavor 
richness, a nutritional label claim. 


oweomninec. FINE CHEMICALS oIVISION HOFFMANN-LA ROCHE INC. nutiey 10, New Jersey 
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JUNE COVER. Approaching step five (frying) in one of seven steps used in processing corn 
chips at Morton Foods, Dallas, Texas. The new product is a result of three and one-half years 
research and development carried out by Morton Foods and Arthur D. Little, Inc., who supplied 
the picture and story. Significant economic and efficiency advances are announced by the two 
organizations in nearly all of the seven processing stages. Cooking—ingredients are pressure- 
cooked with continuous mechanical agitation; soaking is accomplished in about one hour instead 
of overnight ; a recently marketed Urschel comminuter is employed for grinding, instead of stone 
mills; an automated chip formation process has been installed: a continuous deep-fat-frying 
system for frying is followed by automated salting and packaging. While much of the process is 
automated, personnel maintain continuous quality control according to the manufacturer. 
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Canadian Potato Dehydrating Plant Using 


Flake Method 


| iN 1960, Salada-Shirriff- 
Horsey, Ltd., Toronto, Canada, completed a million- 
dollar plant to produce potato flakes in the heart of a 
major growing area. The final product is a tissue-thin 
flake (0.008 in.) with about a 5% moisture content. 
Since its introduction, the potato flake has become the 
most popular instant mashed potato on the Canadian 
market. At the same time, total sales of all instant 
potatoes have substantially increased since introduc- 
tion of the flake product. 

After long study, the Canadian company selected 
the flake over the granular method in the belief that 
the flake method best retains the natural character- 
isties, flavor, and texture of fresh potatoes, and gives 
a product that is more uniform, fluffy, and acceptable. 
Protein, carbohydrate, and mineral qualities are the 
same as in the fresh product. 


Fig. 1. At harvest the potatoes are packed into ventilated 
e pallet boxes of 2,070 lb capacity. Constant temperature of 48 
50°F is maintained in the long-term storage area, and humidity 
is carefully controlled. 


W. C. Christner and D. S. Gardner 


Salada-Shirriff-Horsey, Ltd., Toronto, 
Canada 


THE PROCESS 

During 1953-57, two U. 8. Department of Agricul- 
ture scientists, James Cording, Jr., and Miles J. Wil- 
lard, Jr., developed and perfected the flake process. 
Their experiments were aimed at developing a product 
better than potato granules in terms of color, flavor, 
and texture. The bibliography in this article contains 
references to the Cording-Willard process. 


PHYSICAL PLANT 


The recently completed plant is at Alliston, 60 miles 
north of Toronto. Described as the most modern of 
its kind in the world, the plant (65,000 sq. ft) has a 
present plant capacity permitting some 35 million 
pounds of raw material to be processed annually. 
Provision was made in building plans to meet expan- 
sion needs. The plant has a production capacity of 
38,000 pounds of flakes per day. Present retail pack- 
aging equipment will handle half this production, and 
the balance is bulk packed for institutional and indus- 
trial use. 


RECEIVING AND STORAGE 


Growers ship their potatoes to the plant in venti- 
lated pallet boxes. Each box holds 2,070 lb. The 
boxes, stacked 4 units high, are placed in the 20,400- 
sq-ft main storage room. More space is also available 


Fig. 2. One-ton pallet boxes are brought by fork-lift trucks 
and emptied into the wet and dry washer unit. 
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BE SURE IT’S THE RIGHT FLAVOR FOR YOUR PRODUCT 


There are flavors... and there are 
FLAVORS! One that produces a superb 
effect in another manufacturer’s product is 
not necessarily the flavor best suited for 
yours. As a supplier of flavors seriously con- 
cerned with the final results of our products’ 
use, it has been our aim to provide our cus- 
tomers with a wide range of flavors in groups 
precisely conditioned to their various and 
specific needs. To accomplish this, our flavor 
specialists have worked closely for years with 
food plant superintendents and technologists 
in the perfection and refinement of our prod- 
ucts. As a result, our present catalog lists, in 
easy-to-use tabulations, definite flavor recom- 
mendations for practically every type of food 
and beverage product made. If you'd like a 
copy, we'll gladly send you one upon request. 


ICE CREAMS — SHERBETS 


In this category, our catalog features the old 
favorites—vanilla, chocolate, strawberry—along 
with a large and provocative assortment of other 
intriguing flavors. 


PICKLES — RELISHES CUSTARDS -— PIE FILLERS 
Here recommended—some very interesting spe- 
cialties; also, popular group selections which 
provide a range of price and effect designed to 
meet any manufacturer's particular needs. 


A useful guide to pickle processors—listing high 
purity oleoresins and a fine selection of tried 
and proven spicing compounds, each with subtle 
emphasis upon a different spice. 


FRITZSCHE BROTHERS, Inc. 


A FIRST NAME IN FLAVORS SINCE 1871 


76 NINTH AVENUE NEW YORK 11, N.Y. 


Branch Offices and *Stocks: Atlanta, Ga., Boston, Mass., *Chicago, II!., Cincinnati, Ohio, Greensboro, N. C., 
*Los Angeles, Cal., Philadelphia, Pa., San Francisco, Cal., St. Louis, Mo., Montreal and *Toronto, Canada; 
*Mexico, D. F. and *Buenos Aires, Argentina. Plants: Clifton, N. J. and Buenos Aires, Argentina. 
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in both the receiving area and conditioning room. 
This brings total storage capacity to 16 million 
pounds. Storage is at 48-50°F and 90% relative 
humidity. The storage facilities are designed to pro- 
vide: a continuous supply of processing material 
through the late fall, winter, and spring; the best 
conditions under which to reduce excessive moisture 
losses, development of rots, and rampant sprout 
growth ; and minimum respiration to prevent aecumu- 
lation of reducing sugars. 


PEELING 


The pallet boxes are taken from storage by fork- 
lift trucks to a Dry and Wet Brush-Washer. Rubber- 
bristled brushes and a cold-water sprinkler system 
thoroughly clean the raw potato surface. The pota- 
toes then pass through a pre-heat tank (116-120°F), 
where steam-heated water loosens the skins to facili- 
tate peeling. 

Peeling is done by a Steam Peeler Retort with a 
300—350-lb capacity operating at 8 psi head pressure. 
The potatoes are hopper-fed to the retort, which ro- 
tates slowly during the steam treatment. Each cycle 
takes about 2 min. 

The softened potato skins are next removed under 
jets of water in a trough washer. The potatoes then 
move onto a revolving trim table, where eyes and 
imperfections are removed by hand. 

Finally, the peeled and trimmed Potatoes are con- 


PROCTOR 
Continuous 


Dehydrators 
for food processing 


... deliver a uniformly high quality product 
... are designed to fit your process 
require less maintenance 


Write us—let us prove we can help you 
with your drying problem. 


TYPICAL FOOD PRODUCTS 
using Proctor’s Continuous Conveyor Dryers : 


gelatin, vegetables, starch, fruits, coconut, 
cocoa beans, cereals, animal foods. 


PROCTOR & SCHWARTZ, INC. 
Philadelphia 20, Pa. 
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veyed to a 4,500-lb-capacity Metering Tank, which 
controls the flow of raw material to the cooker. 


PRE-COOKING 


The potatoes are first cut into %-in. slices and 
passed through a single Rod-Reel Washer to remove 
free starch. They next enter the pre-cooker, where 


Fig. 5. Pre-cooking operation. 
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they are held 20 min at 160°F in water heated by 
atmospheric steam. Rinsing follows, in a double Rod- 
Reel Washer, to remove any further free starch re- 
leased during pre-cooking. The slices are then condi- 
tioned for about 18 min in a cold-water bath at 50- 
55°F. They are then hydro-pumped to a mezzanine 
floor, where a vibrating conveyor distributes the slices 
evenly on the stainless-steel perforated link belt of the 
cooker. 


COOKING 


The potato slices are cooked with atmospheric 
steam at 210°F in a 50-foot-long cooker until texture 
is correct for ricing. This process takes 18-25 min- 
utes, depending upon the solids content of the pota- 
toes. At the end of the cooking process, small 
quantities of antioxidants and emulsifiers are added 
to improve the color, flavor, texture, and stability of 
the final product. The slices are next forced by screw 
conveyor through a rod-type ricer plate. The result- 
ing mash is collected in the pant-legs reservoir, di- 
rectly above the drum drier. 


DRYING 


The mash is fed to the top surface of the single 
drum drier by two 2-way ribbon screws, which 
rapidly cover the drum’s full length with mashed 
potato. The drum (about 27 tons) is 16 ft long 
and 5 ft in diameter. Applicator rolls measuring 
10 in. in diameter progressively add fresh mash to 
that which is partially dried on the drum. Five of 
these rolls are placed at equal intervals around the 
surface of the drum in clock-wise direction, starting 
at one o’clock. The peripheral speed of the rolls is 
the same as that of the drum, and their clearance is 
maintained at 14 in. to avoid cell damage. With each 
applicator roll, another layer of potato cells is added 
to the partially dried layers already on the drum. 
Intact potato cells adhere to the drum, whereas rup- 
tured cells, free starch, and translucent pieces of 
unmashed potato are picked up by the bottom appli- 
eator roll and discarded. 

A mash with a moisture content of 80% is reduced 
to 5.5% in about 25 see under an average steam pres- 
sure of 80 psi. A doctor knife guides the dried sheet 
away from the drum after one complete revolution, 
leaving the drum surface quite clean. The sheet then 
falls into a screw conveyor and is broken up into 
large flake particles. The flakes then go to a vibrating 
stainless-steel table for final inspection before being 
screened to the desired packaging size. A %g-in. 
screen is used without causing excessive cell damage. 


PRODUCTION FACTORS 


Most important of a number of factors affeeting the 
production of a good-quality flake are solids content 
of the potatoes, texture after the cook, steam pressure, 
and speed of the drum. Careful inspection must be 
made through all stages of processing, and samples 
must be continually tested off the production line to 
ensure that the final product meets the exacting 
standards of color, flavor, and texture. 


Fig. 6. Roller drying. 


WASTE DISPOSAL 


At full capacity the plant uses some 300,000 gal. 
of water per day, and 14,500 lb of steam per hour. 

3ased on a plant consumption of 7,000 lb of pota- 
toes per hour, the BOD (biological oxygen demand) 
approximates 4,200 lb per day, and suspended solids 
average 5,544 lb per day. 

Peels, trimmings, free starch, and other wastes go 
through sereening units and settling tanks to reduce 
BOD by 38%, and the settleable solids by 70%. The 
waste discharged from the plant is estimated on a 
daily basis to contain 2,600 Ib of BOD, and 1,660 
pounds of suspended solids. 

The filtrate is sold as livestock feed. The effluent is 
passed through three anaerobic lagoons of about 5 
acres each. The first lagoon removes 60% of the 
applied BOD. The effluent is then channeled in series 
to the second and third lagoons, where the BOD of 
residual wastes is effectively reduced so that the 
effluent may be safely fed to a nearby creek. 
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“See the July issue of FOOD TECHNOLOGY 


for report and interesting highlights of the 


21st Annual Meeting. Included will be a syn- 
opsis of actions taken by the Council, pictures, 
awardees, and other happenings about which 


you'll want to read.” 
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A MIRACULOUS STABILIZER OF INFINITE USES—Beneath the pounding surf off the rugged 
coasts of Maine and Nova Scotia, grows a plant the fishermen call ‘Irish moss."’ For centuries Irish 
moss was ‘‘just another seaweed."’ Yet today this plant is raked from the cool ocean floor, dried by 
the sun and specially processed by Kraft under conditions of maximum sanitation, to produce an 
extremely effective natural stabilizer known as Kraystay. In essence, Kraystay is the edible extract 
of Irish moss, a natural gum that functions to: Stabilize—Emulsify—Suspend—Thicken—Gel. Every 
reason why, if the products you make incorporate a stabilizing, emulsifying or thickening agent, 
you should investigate the economy and consistent performance offered by versatile Kraystay. 
In new product development, Kraystay can play a vital role, too. And if you use a thickener— 
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Kraystay’s special properties can help you produce 
a smoother, more consistent product. one with 
better ‘mouth feel.’’ Remember, Kraystay is easily 
dispersed in cold water and goes completely into 
solution at 130 degrees. The coupon below will get 
you the complete story of Kraystay from Kraft. 


KRAYSTAY 


oa 


Kraft Foods Industrial Division 
500 Peshtigo Court, Chicago 90, Illinois 


Piease send me more information on Kraystay. 


Name 


Title 


Company 


Address 


City Zone___State_ 
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Improving Communication Between 


Research and Management’ 


Fw THINGS are as susceptible to 
invention, innovation, and improvement as are 
American business methods. Changes in recent years 
have been so rapid and so profound that the present 
generation of executives finds it difficult to under- 
stand how grandfather—or even father—ever made 
a profit. 

Despite the vast changes in both tools and tech- 
niques of business operation, the human ability to 
make decisions has not lost its importance. In fact, 
new scientific developments add new dimensions and 
scope to the function of management, and today’s 
executive (tomorrow’s even more) needs integrated 
facts and figures to form the framework of his 
decisions. 

Many large corporations have problem-solving re- 
search teams and trained specialists to assist man- 
agement in coping with critical problems. Each team 
generally comprises a body of the best specialists and 
thinkers in the field, whose function it is to develop, 
evaluate, and recommend alternative plans for future 
action. These specialists, often referred to as ‘‘fu- 
tures,’’ serve as a resource aid to management and are 
available upon request to work with managers toward 
the solution of specific marketing, financing, manu- 
facturing, and engineering problems. 

Few companies engaged in packing, processing, and 
marketing agricultural products are large enough to 
support this type of management assistance. Never- 
theless, though their operations may be smaller in 
seale, executives of food processing industries face 
many of the same problems as do their counterparts 
in nonagricultural firms. Top management must make 
decisions regarding investment and reinvestment in 
plant and equipment ; operating managers must make 
final choices among possible alternative work methods, 
production plans, quality control techniques, per- 
sonnel policies, inventory management, and the like, 
and marketing managers must develop new products, 
establish adequate pricing policies, arrange successful 
market-promotion programs, and so on. 

When problems arise requiring specialized knowl- 
edge, consulting assistants are frequently hired to 
supplement management talent. Sometimes manage- 
ment of marketing and processing firms joins together 
in trade associations or cooperatives in an effort to 
solve mutual problems. And, in addition to these self- 
help programs, both state universities and the United 
States Department of Agriculture actively engage in 
research and educational programs for the purpose of 
inereasing efficiency in the processing and marketing 


* Presented at the annual meeting of the Institute of Food 
Technologists, May 17, 1960, in San Francisco. 
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Eric Thor 


Extension Economist, University of 
California 


of agricultural products. Food technologists, chemists, 
bacteriologists, pomologists, engineers, and economists 
assist agricultural industries in improving product 
quality, developing lower-cost handling methods, 
establishing effective marketing policies, and finding 
new uses for their products. 

It is well known that the economic value of research 
is not realized until improvements and innovations 
are actually put to use. Managers of agricultural 
processing and marketing firms often experience diffi- 
culty in interpreting, evaluating, and applying re- 
search data to their own special problems and often 
eall on the universities for assistance in bridging the 
gap between research and application. For many 
years the agricultural extension service of the various 
state universities has helped farmers interpret new 
developments in such areas as fertilizers, insecticides, 
crop varieties, cultivation practices, dairy improve- 
ment, and farm management. Assistance in the solu- 
tion of specific marketing and operational problems 
is a relatively new service offered by extension 
specialists to individual firms and industry groups. 
Specialists in food technology, dairy manufacturing, 
and pomology assist individual managers with prob- 
lems of product quality; engineering specialists ad- 
vise on equipment and handling, methods; marketing 
specialists help develop policies that result in more 
orderly marketing ; management specialists, primarily 
economists, give assistance with economic evaluation 
of alternative production plans, work methods, plant 
layout, plant location, and many other problems. 
Often research workers and extension specialists in 
several disciplines (or branches of knowledge involv- 
ing research) work together in a coordinated effort 
to find the solution to particular problems. 

Management time spent with an extension specialist 
ean usually be employed most advantageously in 
solving problems that might otherwise require con- 
siderable ‘‘get informed’’ time for an individual with- 
in the firm. Operational analysis is an art that re- 
quires experience—not of a once-a-year kind but full- 
time professional work and study. The assistance of 
such specialists is probably most valuable to firms that 
are large enough to have complex problems but yet 
not large enough to be able to afford their own opera- 
tional research and management advisory unit. 

In the long run, the use of extension and research 
specialists should not only inerease efficiency in the 
marketing, distribution, and utilization of agricul- 
tural products but should also help produce higher 
profits for farmers, processors, and marketing firms 
while at the same time furnishing consumers with 
higher-quality agricultural products at relatively 
lower costs. 
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naturally superior...when made with E CORN r 


sugars, starches and syrups from... %, PRODUC AY a 


COMPANY 
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WRITE OR PHONE Corn Products for expert technical assistance... 
helpful data on these fine products for the Food Industry: 


Flavorful, quality, eye-appealing foods... 


CERELOSE® dextrose sugar - REX® - GLOBE” » MOR-SWEET® corn syrups - BUFFALO® * HUDSON RIVER® + SNOWFLAKE® starches. 


CORN PRODUCTS COMPANY inousTRIAL CIVISION + 10 East 56 Street, New York 22,N.Y. 
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VERONA FLAV( 


*ARTMENT OF VERONA 


4 

the refreshing effect of Straw Raspberry, Blackberry and other fruits 
Write for samples of our outstanding and economic true-to 
imitation Berry Flavors for all types of food products! a 

26 VERONA AVENUE, NEWARK 4, NEW JERSEY, TEL: HUMBOLDT 3.320 je NEWYORK: WORTH 23153 


The Food Industries 


in producing, process- 
ing, and handling food and food products in the 
United States are some 5,000,000 farms, 40,000 manu- 
facturers, 50,000 wholesalers, and 400,000 retailers. 
The aggregate cost, about $50 billion per year, repre- 
sents 12% of the total economic activity of our nation 
as measured in gross national product. About $20 
billion goes to farmers to pay for basic production. 
The balance of $30 billion represents the bill for mar- 
keting and processing. It is this last component we 
are presently concerned with—the firms that collect 
and assemble farm products, pack and process them 
for final consumers, and carry out the several func- 
tions of wholesale and retail marketing. Within this 
group of industries, food technologists are especially 
interested in the firms that pack and process food 
products. 

Although the processing of agricultural produets is 
in some aspects an ancient art, industrialization of the 
activities represents a comparatively recent develop- 
ment. Commercial food canning in the United States 
was begun in about 1820, in Boston and New York. 
The industry was greatly stimulated by the discovery 
of the Borden process of concentrating and canning 
milk, in 1853, by the demands of the armed forces 
during war periods, and by the perfection of sanitary 
machine-made cans and advances in bacteriological 
and technical knowledge after the turn of the century. 

Some idea of the rapid growth in food processing is 
afforded by index numbers of the output of manu- 
factured foods in the United States. Using produc- 
tion during 1935-39 as a base equal to 100, the total 
output of this industry, amounting to only 30 at the 
beginning of the present century, had risen to 192 by 
1958, the most recent year for which this information 
is available. The industry has expanded more than 
fivefold during the past 60 years, well over half of the 
inerease having occurred since 1940. Today, about 
half of the commercial production of fruits and vege- 
tables reaches the consumer in processed form. Can- 
ning accounts for one-quarter of all fruits and fruit 
juices and for about 40% of vegetable output. Frozen 
foods are newcomers, within the past quarter century, 
but production of food in this convenient form is ex- 
panding rapidly and now accounts for about 6% of 
vegetable production and 17% of fruit production. 
The latter percentage has resulted in large measure 
from widespread acceptance of frozen concentrated 
orange juice. 

According to the 1954 census, there were about 
30,000 establishments engaged in the primary process- 
ing of agricultural products, plus 12,000 involved in 
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secondary processing. In addition, there were 13,000 
establishments that assembled food products from 
farms and packed and shipped them to fresh markets 
or to processors. Some of these plants are quite large, 
and many are combined under the ownership of big 
companies, such as Kraft, Borden, Cal-Pak, and 
Swift, but relatively small-scale operations charac- 
terize the food assembling and processing industry as 
a whole. Measured in terms of employment, the aver- 
age food processing establishment has fewer than 40 
workers, and only 8% of these plants employ as many 
as 100 workers or more. Assemblers are of even 
smaller size, the average establishment employing 
fewer than 10 persons, with perhaps 15% of all plants 
having a payroll of 50 or more. 

All of these figures indicate that the food process- 
ing industry has become an important segment of the 
total economic activity in the United States, with a 
great many firms involved in assembling and process- 
ing foods, and largely characterized by relatively 
small-scale establishments. Perhaps this small-scale 
characteristic of the industry accounts for its relative 
neglect by both the economist and the industrial en- 
gineer. Food technologists have usually been occupied 
with the important problems of preservation, quality 
control, and new product development, whereas engi- 
neers have served the industry well in inventing and 
perfecting an amazing array of mechanical equip- 
ment, carried to the point of semiautomation in some 
operations. But much less has been done in the area 
of systematic application of engineering and economic 
tools to problems of reduced cost and increased effi- 
ciency, to problems of product mix and inventory 
control—to the whole host of problems that confront 
management in a market-oriented economy. With 
some obvious exceptions among the larger firms, the 
industry represents a tremendous potential for the 
application of the tools of management science. 


Studies of Economic Efficiency 

Precisely because the food processing industry 
tends to be small-scale and hence largely neglected by 
industrial engineer and economist alike, great oppor- 
tunities exist for increasing efficiency, reducing costs, 
and improving returns by means of proper market 
orientation through operations and organization re- 
search. Such studies may be directed to methods im- 
provement within a single operation or stage in a 
plant, to plant layout and the integration of stages, 
to the combination of inputs or factors of production 
and the selection of appropriate product mix, and 
(within the limits imposed by the production condi- 
tions of crop agriculture) to the scheduling of receipts 
of raw product and the shipment of finished goods. 
In a broader sphere, these problems encompass the 
relative costs for plants of alternative type and size, 
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the combination of plant and transport costs to 
achieve minimum combined costs for the ‘‘system,’’ 
the integration and geographic location of inventory 
and distribution warehouses, and the complete facili- 
ties planning for an integrated firm or for an entire 
producing region. When combined with studies of 
consumer demands, population trends, and farm pro- 
duetion and supply, such studies provide insights 
into the nature of interregional competition and the 
evolution of the geographic organization of industries. 
In a recently published bulletin, one of the major 
college publishers in the United States suggests the 
scope and variety of approaches involved in the cur- 
rent ‘‘new look in business.’’ We are told that 20% 
of all men now receiving B.S. degrees are trained in 
business and that a revolution is in progress in the 
content and form of business education. Recently 
published books in the field cover such areas and tech- 
niques as operations research, decision making, linear 
programming, electronic data, processing game 
theory, market structure and strategy, and communi- 
cation theory. These offerings range from highly 
theoretical treatments to practical applications, but 
all are directed to the task of providing new and im- 

proved tools for management. 
- The following papers on economic-engineering ac- 
Synthesized Chocolate _ tivity in the food industries make no pretense at 
Flavor intensifier | exploring the entire field described above. Rather, 
only those aspects are stressed that are most inti- 


mately associated with the internal organization and 


Ge 


Completely new development! Here- operation of a single plant or firm, and within this 
tofore unobtainable flavor aromatics, _ area the emphasis is on improving physical efficiency 
produced in our laboratories, will dra- | and reducing costs. Essentially, the object of this 


series is to suggest some lines of research and applica- 
tion that can be, and in some cases actually are being, 
used in the food industries, and, especially, to indi- 
cate how the relatively small firm might improve its 
operation through this work. 


matically improve the deliciousness of 
your chocolate flavored products. 

In conjunction with cocoa powder 
or chocolate liquor, INTENSITOL 
restores the delicate volatile flavor 

The kind of research now being increasingly con- 

= A ducted by such public agencies as the agricultural 
facturing processes. This new synthe- | experiment stations and the U. S. Department of 
sized chocolate intensifier in your | Agriculture is described in the paper that follows 
product assures the ultimate in flavor’s immediately. Next, a case study is presented out- 
richness, taste and aroma. lining the activities and accomplishments of an indus- 
trial engineer in a small-scale food firm. And finally, 
an account is given of the areas in which the exten- 
Wonderfully Lnproves | sion economist, working with his research colleagues, 
/ ean assist the food industries in facilities and opera- 

¢ tions planning. 

This introductory statement has indicated that the 
food industries offer a great opportunity for im- 
- +. and all other proved and new and that the 
chocolate flavored confections. | development and application of these methods in 
service to management require the cooperative efforts 
Send for samples, prices & information. | of engineer and economist, as well as research and 
extension workers. It should be clear that such a team 


Better Flavors for Better Products | cannot be complete without intimate participation by 


: | the food technologist. It is hoped that these short 
F LAVO R is » 4 co., INC. | papers will suggest some of the possibilities and so 
4 pave the way for further active cooperation of engi- 


302 S. CENTRAL AVE., BALTIMORE 2, MD. | neer, economist, and technologist in this important 
field. 
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A Case Study in Economic- Engineering 


Analysis ° 


Tew IS A CASE sTupy illustrating 
the application of industrial engineering principles to 
the solution of operational problems by Sacramento 
Freezers, Inc., a commercial processing firm engaged 
in freezing fruits and vegetables. 

Certain occupational elements and the relatively 
small-scale operations of the firm made it necessary to 
adapt the principles of industrial engineering to the 
specific needs and capacity of the plant. Time and 
the need for cost reduction were factors of primary 
importance in determining the approach to be used in 
adopting and applying industrial engineering princi- 
ples. For the program to prove its value and survive, 
it had to realize decreased costs within the shortest 
possible period. 

It was not economically feasible for so small a com- 
pany to install an industrial engineering department, 
but a beginning was made by setting up a formal or- 
ganizational structure for the firm, listing all super- 
visory and key personnel, their responsibilities and 
authority, and their individual roles in the company 
structure. Basic policies were established to serve as 
guides for decision-making by operating supervisors. 

The next step in the program involved the training 
of all levels of supervision, with production measure- 
ments by supervision as the primary tool. Although 
these measurements fell short of exacting industrial 
standards, they nevertheless had definite value. 
Measurement in the flow of production was aceom- 
plished and evidence obtained to prove that a constant 
rate of flow produced more pounds per hour than a 
fluctuating flow with higher peaks. Once the flow of 
production had been measured and controlled on a 
constant average, line supervisors were given the 
task of measuring employee productivity. With the 
data thus obtained, it became possible to achieve a 
balance between the labor force and the constant aver- 
age flow of production, with a resulting decrease in 
costs per pound. 

The technique of measurement was then applied on 
a departmental basis, each supervisor being asked to 
determine his hourly departmental costs by the sim- 
ple process of measuring his labor force in dollars and 
cents per hour and dividing by production. Each 
production foreman now had comparative depart- 
mental cost figures, which served as a basis for sin- 
gling out the departments in which potential savings 
could be achieved with a more efficient utilization of 
work foree or work methods. Converting labor and 
production measurements into dollars and cents had 
the effect of dramatizing the program for all super- 
visors, particularly first-line supervisors, for it be- 
came clearly evident how much was actually being 

* Presented at the annual meeting of the Institute of Food 
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spent by each department and how much it was possi- 
ble to save in dollars and cents through improved 
efficiency of operation. 

In a further attempt to cut costs, ratio-delay meas- 
urements were effectively employed to reveal the areas 
that most needed concentrated effort in order to re- 
duce direct labor costs. Ratio delay—frequently called 
‘‘work sampling’’—involves a random, instantaneous 
sampling of job activity. The proportional distribu- 
tion of such observations provides a basis for esti- 
mating the amount of labor input in each category 
of activity observed. The technique of ratio-delay was 
also used in the maintenance department, where the 
kind of work was not continuous and repetitious and 
therefore could not be easily measured on an indi- 
vidual basis. In maintenance jobs we also placed 
heavy reliance on standard data even though this type 
of measurement required a long time before accumu- 
lated data would be sufficient to be of value. 

Once established, these measurements were then 
refined. Actual time studies were conducted in each 
department so as to analyze the accuracy of the 
standards fixed by the line supervisors. The standards 
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set, for the most part, were found to be surprisingly 
close to the actual time studies; and although these 
were not reduced to motion elements, the end result 
was a measurement with a high degree of accuracy. 
Only at a later date were the standards finally broken 
down into motion elements in conjunction with 
method analysis, each element within a performance 
being carefully examined for potential savings. When 
the results of this type of analysis had been accepted, 
departmental costs were charted on a daily basis in 
order to maintain a constant control of costs and to 
serve further as a means of teaching supervisors the 
art of analyzing deviation from established standards. 

Daily departmental costs thus formed the founda- 
tion for reporting by variance. On any given day 
during the training period, attention was concen- 
trated on each department that showed a variation 
from standard, and the reasons for that variation 
were sought. In due time, upon submitting daily cost 
reports, departmental supervisors were themselves 
able to include the reasons for any variation that 
existed, and this was carried further to the source of 
the variation, whether it proved to be type of raw 
product, production method, or sales value of the 
finished product. 

Before long the technique of measurement was ex- 
tended to include raw product. First, raw products 
were graded as they were received, and potential 
yardsticks were established for the finished product. 
Results of each production shift were then measured 
in an attempt to achieve some correlation between the 
grading of raw product and the grading of finished 
product. Evaluation of raw product in this manner 
also helped reduce labor costs, for the measure was an 
aid in controlling the labor force required in relation 
to raw product quality. 

Supplies also were subjected to measurement analy- 
sis in order to effect savings in such areas as carton 
loss, ete. And finally, the finished product was meas- 
ured in terms of buyers’ specifications and the labor 
or work methods necessary. 

With measurements established for raw product, 
direct labor, supplies, and finished goods, it became 
possible to obtain a simplified profit-and-loss state- 
ment for each production shift before the next shift 
was begun. This gave each production foreman a 
measurement of his results—a combination of prod- 
uct, equipment, manpower, and finished goods, shown 
in dollars and cents, thereby enabling him to analyze 
the variations of profit and loss between production 
shifts. 

The study program in motion, time, and method at 
Sacramento Freezers, Inc., has now advanced to a 
stage that requires application of true time studies in 
accordance with industrial engineering principles. 
Only competent, technically trained personnel can 
conduct such studies satisfactorily, and, fortunately, a 
point in the program has been reached at which the 
cost of technical assistance can be maintained on a 
pay-as-you-go basis. The management of the firm 
feels that, so far, only the surface has been scratched 
in this area of economic-engineering analysis. Much 
remains to be accomplished. 
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if you are interested in the miraculous new fruit-fluffs 
or fruit-freezes, read this: 

The bow! on the left contains grape juice in the form of 
a fruit-fluff. It has about 18 times as much volume as 
when we put the juice in the bow] and beat it. All it took 
was a small amount of cither of those types of Myvero/® 
distilled monoglycerides which we make from hydro- 
genated lard or hydrogenated cottonseed oil, plus 
whipping. 

We could have put a trace of the same material with 
the grape juice, or with any other fruit juice or puree, 
and whipped it while freezing. The result would have 
been a low-calorie frozen dessert we call a fruit-freeze. 


or 


not to foam? 


If you are interested in foam suppression in food proc- 
essing, read this: 

The bow! on the right contains more of the same grape 
juice boiling without the usual troublesome foaming 
because we added a small amount of another type of 
Myverol distilled monoglycerides we make from an un- 
saturated vegetable oil. 


Now that you are interested, tcl! us in what, and we'll 
send samples of the right types of Myvero/ distilled mono- 
glycerides, together with technical data, so you can 
whip up or conquer some foams of your own, or create 
a new product, perhaps. 

Distillation Products Industries, Rochester 3, N. Y. Sales 
offices: New York and Chicago * W. M. Gillies, Inc., 
West Coast * Charles Albert Smith Limited, Montreal 
and Toronto. 
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Economic- Engineering Research in Food 
Processing Plants ° 


a of cost has long 
been a matter of prime concern to managers of food 
processing plants. Cost information is needed as a 
basis for : 1) profit forecasting and efficient output 
adjustment, 2) determining efficient crew organiza- 
tions for various production situations or operating 
conditions, 3) estimating optimum product mixes for 
multiple-product plants, 4) efficient production and 
materials scheduling, 5) modifying and improving 
existing plants and plant organizations, 6) designing 
plants that employ the most efficient production tech- 
niques, 7) estimating the relation between cost and 
plant size, and 8) estimating efficient locations for 
plants. 

Historically, the accountant has been the principal 
source of general cost information. Analysis of his- 
torical cost data, however, is limited to past situations 
and may be totally inadequate for many decision pur- 
poses. Adequate study of the problem areas listed 
above requires something more than analysis of ordi- 
nary accounting data. The conditions to be investi- 
gated often exist only as possibilities in the future 
and therefore require costs in a form and detail sub- 
stantially different from those found in the usual ae- 
counting summaries. This need has led to evolution 
of an approach known as economic-engineering re- 
search, an analytic procedure that employs the tools 
and data of several disciplines—accounting, eco- 
nomies, engineering, statistics, and various technical 
sciences—in studying methods of reducing cost and 
improving efficieney. 

Economic-engineering is a synthetic research 
method, involving construction of representations of 
physical requirements in relation to various output 
or operating specifications, and then converting these 
to costs, using appropriate price data. Synthesis of 
cost struetures thus permits examination and com- 
parison of cost relations for a variety of potential 
situations or plants and provides essential data for 
decision-making by management. 


General Nature of Production Organization 

Application of the economic-engineering research 
method requires thorough understanding of the eco- 
nomic and physical organization of production 
processes. The physical or technical organization, 
along with the volume and types of outputs, deter- 
mines the types and rates of inputs of men and ma- 
chines and other productive services. These, in turn, 
determine cost. 

Most_ processing operations involve a series of ac- 
tivities, or ‘‘stages,’’ each composed of a single oper- 
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ation or group of closely related operations and 
closely coordinated inputs. For example, receiving 
and unloading of raw products might be regarded as 
one stage, grading as another, filling a particular type 
of container as still another. 

The activities at various stages are interrelated 
through the flow of products and materials. The out- 
put of one stage becomes a controlling input of the 
next stage, and in this sense, output determines input. 
The rate of flow of these raw or partially completed 
products regulates inputs of labor and other factors 
at any one stage, each of which has its own input- 
output and cost-output relation or function. The sue- 
cessive stages constitute, in effect, a series of plants 
within a plant. 

In many processes the independence of the various 
stages is maintained through temporary or in-line 
storage of products and materials. Storage also com- 
pensates in large measure for irregularities in rates 
of worker activity and is a key factor in permitting 
workers to perform two or more different operations. 

For those processes with few opportunities for tem- 
porary storage, the flow of materials and partially 
completed products becomes highly integrated be- 
tween stages and, in the extreme case, may be reduced 
to a single rate of output or perhaps several discrete 
rates. The technical requirements of certain processes 
may further limit variation in rates of output. For 
example, technical and legal requirements set very 
narrow limits to rates for such operations as steri- 
lizing, pasteurizing, cooking, and baking, whereas 
some operations require bacteriological action that 
puts technical limits on production periods and rates. 

Such inflexibilities in rates of output, where they 
oceur, are commonly offset by the organization of 
plants into multiple units. In some plants it is possi- 
ble to vary volume of product by varying the hours of 
plant operation within any production period. For 
example, a given quantity of fruit might be canned by 
operating at a low rate of output for many hours or at 
a higher rate for fewer hours, with resulting differ- 
ences in the relation of variable and total costs to 
volume of output. 


Research Procedures 


The general nature of production organization sug- 
gests that synthesis of plant cost relations should be- 
gin at the stage level, or, in some cases, with even 
more elementary operations. The measurement process 
then yields input-output relations that provide a 
fundamental basis for comparing alternative produc- 
tion methods and for developing accurate represen- 
tations of total plant cost structures. Economic- 
engineering research procedures begin at this elemen- 
tary level and involve essentially two phases: 1) de- 
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velopment of a set of performance and cost standards, 
and 2) combining these standards into descriptions of 
various plant cost relationships. 

Development of performance and cost standards. 
The performance and cost standards are the ‘‘build- 
ing blocks’’ used to synthesize total plant cost struc- 
tures and relationships. In developing these building 
blocks heavy reliance is placed on the work-measuring 
techniques of the industrial engineer—time study, 
work sampling, standard data, various types of de- 
scription and analysis charts—and on. statistical 
analysis of plant records of labor input and product 
output. Estimates of other costs or input-output re- 
lationships may involve either direct analysis of ac- 
counting records or synthesis based on technical data. 

Establishment of a performance standard for labor 
presents a major initial problem, for workers vary 
greatly both in abilities and in rates of performance 
of any specified task. Average realized output rates, 
although useful for broad descriptive purposes, may 
be incorrect for studies aimed at showing cost rela- 
tions with efficient operation. For the latter purpose 
a performance rate is sought that can be maintained 
over extended periods by reasonably capable workers 
operating under conditions that permit effective use 
of worker time. To estimate this somewhat illusive 
performance rate, a combination of data from work 
measurement studies and data from plant reeords is 
used whenever possible. 

For example, time studies might be made of several 
different workers performing a particular kind of job. 
After adjustment to reflect the engineer’s concept of 
a ‘‘normal’’ pace and to include appropriate allow- 
ances for fatigue and personal time, these time obser- 
vations would be averaged to provide a first approxi- 
mation of the basic time standard or performance 
rate for the task. Before acceptance, this figure 
should be checked against actual performance as indi- 
eated by available labor input and output records 
over a period in a number of plants. In research 
studies under way or completed, performance stand- 
ards commonly fall about halfway between realized 
peak performance and average performance as indi- 
eated by actual past records. 

Established performance standards furnish man- 
agement with an indication of the expected number 
of workers and worker hours required for different 
rates of output in the various plant stages and for 
various methods of crew organization. When these 
hours are multiplied by appropriate wage rates, the 
labor input is converted to a cost basis. This pro- 
vides appropriate data for estimating relationships 
between labor cost and rate of output for alternative 
methods of operation. 

The building blocks for other variable cost com- 
ponents such as electric power or fuel may be de- 
veloped with engineering reference data. For exam- 
ple, refrigeration and power requirements may be 
estimated from technical data as to the thermal char- 
acteristics of a product process and the performance 
characteristics of materials and equipment used. Re- 
frigeration requirements will depend on output, and 
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the related power use in kilowatt-hours can be con- 
verted to costs based on appropriate price data. 

Synthesis of costs, using engineering reference 
data, is not always necessary, however. When the 
costs of operating inputs, such as power or chemicals, 
are relatively small, or when costs are not required for 
each plant stage, an estimate may be more con- 
veniently obtained by statistical analysis of account- 
ing records. 

The basic standards for inputs of durable factors 
are estimates of capacity for individual equipment 
units or buildings, just as labor performance stand- 
ards are estimates of labor capacity. From these 
standards is determined the number of particular 
equipment units required for any quantity or set of 
outputs. Investment costs are based on engineering or 
manufacturer’s estimates of replacement costs, and 
these form the basis for computing the expected aver- 
age cost per accounting period, i.e., the cost of main- 
taining and replacing the durables, plus taxes, insur- 
ance, and interest on investment. 

Synthesis of plant cost relationships. Synthesis of 
plant cost structures is achieved by combining and 
adding up the several parts, the method of combina- 
tion depending on the objectives of the analysis. Esti- 
mation of the relation between cost and output for an 
existing plant is probably the easiest problem to solve, 
largely because production methods and scale of oper- 
ations are already known and specified. Inputs and 
costs are converted to some common base, such as a 
season, in relation to appropriate variables such as 
hours, days, and volume of product. The sum of the 
component equations constitutes the total plant cost 
equation. 

When the objective is to determine efficient crew 
organizations or to compare costs of alternative pro- 
duction techniques, similar computations are made 
for each individual stage of plant operation. The 
most economical methods for any rate of output or 
length of season can then be ascertained by simply 
comparing costs for the various methods for each 
possible situation. 


To aid management in planning new plants or 
altering existing plants, the economic-engineering 
synthesis can be extended to estimate the most eco- 
nomical methods for plants of many different sizes, 
length of operating season, and operating conditions. 
These estimates, in turn, may be used to indicate the 
relation between cost and seale of operations. 


Ultimately, the synthesis must also involve costs 
of assembling the raw products and of, in many cases, 
distributing the finished product. Plant supply re- 
quirements normally must be obtained over increasing 
distances as plant volume increases, and this leads 
to inereasing farm-to-plant transport cost per unit 
of product. In evaluating the relation between cost 
and seale of operation the diseconomies of assembly 
resulting from increased plant volume are balanced 
against possible economies of larger-scale plant oper- 
ations. This, in turn, leads to a consideration of opti- 
mum plant location and efficient industry organiza- 


(Continued on page 23 following Technieal Section) 


A. 
fi. 
$3 
tay 
i 
ql 
ic 4 
Ad 
' 
45% 
Re 


NEW LIFT...LONGER LIFE 
FOR YOUR PRODUCTS 
WITH FIRMENICH 


POWDERED FLAVORS 


New and improved techniques of process drying, exclusively 
employed by Firmenich, yield powdered flavors that flow 
freely, are dust free, and give you the finest precision in 
flavoring your products. These important developments in 
quality flavoring will improve the taste appeal of your 
products. . . extend their shelf life . . . give them package-to- 
package uniformity that captures customer preference. Sam- 
ples of Firmenich Powdered Flavors, with technical informa- 
tion on their practical application, on request. 


FIRMENICH 


GENEVA + PARIS « 


INCORPORATED 


LONOON 


= = 
4 
‘a 
i 
280 wew YORK 13, 
350 WALLACE AVEN TORONTO, ONT, 


274 FOOD TECHNOLOGY, JUNE, 1961 


their ability to do so. The procedure for making and analyzing 
the tests has been described by Bechtel and Kulp (1960). 


RESULTS AND DISCUSSION 


Freezing and defrosting unwrapped Danish pastry. 
Table 2 shows the effects of temperature and air 
velocity on freezing and defrosting times. These data 


Table 2. Freezing times (min) and defrosting times (min 
from 0 to 70°F) of unwrapped Danish pastry. 


Freezing Rate of air circulation (ft/min) 


Temperature interval 
, (°F) 0 150 500 1,000 


Freezing 
Rolls 

0 70 to 10 
10 
20 
10 to 0 
20 
20 70 to —10 


Coffeecakes* 
0 70 to 10 
20 
10 0 
20 


20 70 to 


Defrosting 
Rolls 


* Average for both types of coffeecakes. 


indicate little advantage in temperatures below 0°F 
for freezing rolls or above 95°F for defrosting them. 
Freezing and defrosting times of the two kinds of 
coffeecake, snail and braided, were so alike that these 
results are averaged in Table 2. Coffeecakes froze con- 
siderably faster at —10° than at O°F, but there ap- 
pears to be no advantage in freezing them at —20°F. 
The major decrease in defrosting time of coffeecakes 
occurred when the temperature was raised from 75 
to 95°F. In freezing and defrosting of both rolls and 
coffeecakes there was an advantage in using an air- 
flow rate of 500 ft per min. The increase to 1,000 ft 
per min saved further time only when coffeecakes were 
frozen at O°F or defrosted at 75°F. 

Changes of moisture in these products were meas- 
ured under all of the freezing and defrosting condi- 
tions of Table 2. Moisture loss during freezing was 
relatively small. It varied between 0.2% and 0.4% 
during freezing from 70 to 10°F, and there was no 
relation between moisture joss and either freezer tem- 
perature or air flow rate. Moisture losses during de- 
frosting from 0 to 70°F were much higher. The 
greatest losses were at the higher temperatures and 
air flow rates. Since relative humidity was not con- 
trolled, but decreased with increase in temperature, 
the greater losses at higher temperatures were un- 
doubtedly caused by the drop in relative humidity 
rather than by the temperature itself (Pence et al., 
1956). The moisture loss was 0.5% at 75°F (50% 


RH) without forced air. This increased to 1.2% with 


air circulating at 1,000 ft per min. At 115°F (22% 
RH) without forced air the loss was 0.8%, whereas 
with air circulating at 1,000 ft per min it was 1.6%. 
Other research (Pence et al., 1955a) has shown that 
unwrapped bread loses about 4% of its original 
weight during 14 days at 0°F. Similar losses would 
be expected from Danish pastry. Since loss of mois- 
ture from bakery foods is often interpreted as staling 
(Bechtel and Meisner, 1954) it seems inadvisable to 
store unwrapped Danish pastry in the freezer or to 
defrost it prior to packaging. 

Freezing and defrosting of packaged Danish pastry. 
As would be expected from reports of research on 
freezing other packaged bakery foods (Bechtel and 
Kulp, 1960; Kulp and Bechtel, 1960; Pence and 
Hanamato, 1959; Pence et al., 1955a), packaging of 
Danish pastry prolonged both freezing and defrosting 
times. As shown in Table 3, packaged rolls reached 
10°F in about 1 hr, and defrosted in 78 min, under 
the most moderate conditions employed. Under the 
same conditions, packaged coffeecakes froze to 10°F 
in about 90 min and defrosted in 150 min. More 
rigorous conditions of temperature and air flow re- 
duced the times substantially. No material advan- 
tage was gained by air flow rates greater than 500 ft 
per min. In general, it is necessary to move the air 
with only enough velocity that its temperature at the 
surface of the package is maintained at the nominal 
temperature of the freezer or defroster. The actual 
velocity required for this depends on the design of the 
equipment and the method of loading it. 

Effect of freezing and defrosting rates on freshness 
and firmness. For this study Danish coffeecakes were 
used, since the freezing and defrosting times were 
longer than for rolls, and this might be expected to 
accentuate differences in freshness and firmness. They 
were baked in the aluminum foil pans and these were 


Table 3. Freezing times (min) and defrosting times (min 
from 0 to 70°F) of packaged Danish pastry. 


Freezing 


Rate of air circulation (ft/min) 
Temperature interval — — 
(°F) (°F) 0 150 500 1,000 


Freezing 


70 to 10 


70 to 0 


70 to —10 


70 to 10 


70 to 9 


70 to 


Defrosting 
Rolls * 
75 
95 
115 


Coffeecakes” 


* A single layer of 2 rows of 3 rolls in trays of opaque glassine with 
grease-proof parchment back, overwrapped with 300 MST cellophane. 

* Average for braided coffeecakes packaged as above, and snafl-type 
coffeecakes in aluminum foil pans with paperboard cover containing a 
cellophane window. 


‘ 
3h 23 22 14 13 
<a 16 15 9 8 
23 22 15 15 
+3 33 19 18 
a 77 4 45 34 
52 47 26 26 
87 75 44 44 
: 
| 
war 75 7 28 22 17 
-. 95 23 17 10 10 
ae 115 18 15 10 10 
Coffeecakes* 
Pi 75 137 90 65 45 
a 95 66 48 33 28 
ee 115 52 42 28 25 
4 
- 
Rolls * 
I 0 a 58 55 43 40 } 
ae, —20 38 32 26 25 
eee —20 50 43 40 38 
—30 80 69 60 54 
Coffeecakes > 
0 91 82 78 72 
a: 20 57 54 50 45 ; 
bee —10 131 on 
—20 105 85 82 70 
—20 —10 155 140 130 118 
4 78 66 51 51 
7 53 42 30 29 
31 26 20 
75 150 135 96 
4 95 83 69 64 51 
a 115 55 43 43 37 
= 
: 
{ 
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closed with the paperboard covers as soon as the 
coffeecakes cooled to 90-95°F. The effects of freezing 
and defrosting were separated from those of time in 
frozen storage by conducting each experiment within 
24 hr of the time of baking. Tests were made as soon 
as the defrosted coffeecakes reached 70°F. 

Table 4 shows that speed of freezing and defrosting 
had no significant effect on the panel judgment of the 


Table 4. Effect of freezing and defrosting rates on freshness 
and firmness of packaged Danish pastry. 
Firmness 


Freshness 
i (g/sq in)* 


Freezing rate* Defrosting rate* rating” 


Freshly baked 
Rapid Rapid 
Rapid Slow 
Slow Rapid 
Slow Slow 
After 24 hr at 70°F 
* Rapid rate: freezing at 20°F, defrosting at 115°F Air flow 
1,000 ft per min. Slow rate: freezing at 0°F, defrosting at 75 F. With 
out forced air 
> Rating scale: 8 very fresh, 7 
5 = slightly fresh, 4 slightly stale, 3 
1 = very stale. Minimum significant difference at 5% level 1.18. 
© Minimum significant difference at 5% level 5.1 


fresh, 6 moderately fresh, 


moderately stale, 2 stale, 


freshness of the product. The freshly baked coffee- 
cakes were rated fresh (6.8), and the rating fell only 
slightly on freezing and defrosting. On the other 
hand, coffeecakes were significantly less fresh after 24 
hr at 70°F than when newly baked. The slight effect of 
freezing and defrosting on freshness is in contrast to 
the results observed with soft dinner rolls and cinna- 
mon rolls, where freezing and defrosting definitely 
lowered freshness rating (Kulp and Bechtel, 1960). 
It is similar to that observed with cakes (Pence and 
Hanamato, 1959). 

The increase in firmness (Table 4) when the coffee- 
cakes were frozen and defrosted was statistically 
significant. Tlowever, it was evidently too small to 
have much effect on the judgment of the panel. The 
firmness of the products stored at 70°F for 24 hours 
was similar to that of the frozen and defrosted coffee- 
cakes. This indicates that changes in characteristics 
other than firmness were the cause of the lower fresh- 
ness rating of those stored 24 hours at 70°F, and that 
firmness is not a reliable index of freshness as meas- 
ured by the panel. 

Effect of temperature of frozen storage. Table 5 
gives data on the freshness and firmness of Danish 
pastry during frozen storage. For comparison, values 
are also included for the freshly baked product and 
for the product stored 1 day at 70°F. It is evident 
that freshness is lost rapidly during storage at both 
20° and 10°F. In 7 days at 20°F the freshness rating 
decreased to 3.8, slightly stale, and after 14 days it 
was 3.3, stale. During this latter period there was a 
great increase in firmness. These results show that 
20°F is unsuited for the storage of Danish pastry. 


Table 5. Effect of storage time and temperature on freshness 
and firmness of packaged Danish pastry. 
Temperature of storage (°F) 


Storage 
(days) 


Freshness 


Firmness ” 


0 


14 
21 
56 

“For rating scale see Table 4, footnote 2. Minimum significant 
difference at 5% level 0.8 


» Grams per sq in minimum significant difference at 5% level 


Staling and inerease in firmness were slower at 10°F 
but still great enough to show that this temperature 
is inadequate too. After 7 days the freshness rating 
was 5.1, slightly fresh, and there was considerable 
firming. At 0°F, in contrast, there was no significant 
loss of freshness during the entire 8 weeks of storage. 
The only inerease in firmness was that caused by 
freezing and defrosting. The small variations in 
firmness values reflect the normal variation to be ex- 
pected in firmness tests of this kind of product. There 
was no apparent advantage in using storage tem- 
peratures below 0°F. 
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Production of High-Moisture Raisins 


(Manuscript received April 11, 1961) 


SUMMARY 

A procedure was developed for commercial rehydration 
of raisins to ca. 22% moisture by immersion in hot water. 
Increasing the rehydration liquid from 0 to 20% soluble- 
solids content slowed moisture absorption by, and the leach- 
ing of soluble solids’ from, the raisins. Raisin weight gains 
were increased, however. Raisins began to show excess 
moisture, or “syrup,” when rehydrated to ca. 21-22% 
moisture. Syruping increased with storage temperature and 
moisture content of the raisins. Mold was restricted pri- 
marily to raisins with moisture contents exceeding 24-25%. 
Raisins rehydrated in atmospheres of high RH resembled 
the “natural” raisins in that “bloom” was retained. Such 
bloom is removed when raisins are rehydrated by immer- 
sion in hot water. 


A MAJOR USE Of raisins is in raisin 
breads and pastries. About half of the total raisin 
production goes to the baking industry and other 
commercial users. 

Preparing raisins for use in the bakery involves 
time, expense, and equipment that largely limits the 
use of raisins to larger bakeries. The usual procedure 
is as follows: The raisins, containing less than 18% 
moisture, are bought in 30-lb bulk containers. Before 
rehydration, a weighed amount of raisins is inspected 
for freedom from capstems and other foreign ma- 
terials. The criterion generally used to determine 
when raisins are rehydrated sufficiently is when the 
raisins are in ‘‘equilibrium’’ with the dough after 
baking. In this condition raisins do not absorb 
appreciable water from the dough during baking and 
during the shelf life of the product, nor will the 
product absorb water from the raisins. The rehydra- 
tion process varies a great deal in ratio of raisins to 
rehydration water, the time raisins are soaked, and the 
temperature of the water. Consequently, the quality 
of the final product leaves much to be desired in many 
instanees. Often, the raisins are soaked so long that 
most of the soluble solids are leached out and the skin 
becomes so soft that the berries are mashed during 
mixing. The result is tasteless (flavorless) raisins and 
unacceptable appearance. Other defects are discolor- 
ation of the dough and possible fermentation of the 
leached raisins. 

Bergholz (1956), studying the practical aspects of 
raisin-bread production, including the rehydration of 
raisins, determined the effects of the raisin-water 
ratio, temperature of the rehydration liquid, final 
moisture content of the raisins, and the amount of 
soluble solids leached in rehydration. Some bakers 
were actually losing at least one-third of the weight 
of raisins in leached soluble solids disearded down the 
drain. 

Some bakers feel that preparing raisins is too ex- 
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pensive. With improper preparation procedures and 
waste of the soluble solids, that attitude is correct. An 
improved product could lead to a wider use of raisins. 
Such a product would be a convenience item not only 
for bakeries but for others. It would require no fur- 
ther handling, cleaning, or rehydration but could be 
added directly to the baker’s dough. In addition, it 
would improve the quality of bakery products by re- 
taining the maximum of soluble solids within the 
raisin and improve the appearance of the raisins used. 
This study was conducted to investigate prepara- 
tion by the packer of a high-moisture raisin that re- 
tains soluble solids, flavor, and appearance. The fac- 
tors studied were: medium of rehydration, time of 
rehydration, and resulting loss of soluble solids. 


EXPERIMENTAL MATERIALS AND METHODS 


Materials. Bulk-packed Thompson seedless raisins (Select 
Grade) was supplied by the California Raisin Advisory Board, 
Fresno, California. The samples, obtained from various 
packers, represented the 1957, 1958 and 1959 crops. Moisture 
contents varied from 14.1 to 16.4%. 

Concentrated raisin syrup (72° Brix) was used for making 
up rehydration liquids of various soluble-solids contents. 

Methods. Analytical. Moisture content was determined by 
the vacuum oven method (A.0.A.C., 1955). Two-gram portions 
of ground raisins were spread evenly in a thin layer over bot- 
toms of aluminum moisture dishes and dried 6 hrs at 70°C 
under vacuum (50-75 mm Hg). Rehydrated samples were 
equilibrated 24 hrs before being ground for analyses. All de- 
terminations were run in duplicate. A refractometer (Zeiss 
Opton) was used to adjust the soluble-solids content of the re- 
hydrating solutions and to determine the amount of solids 
leached from raisins during rehydration. Per cent weight 
gained reflects the difference between the original weight of the 
sample and the weight of the rehydrated sample (after drain- 
ing and equilibrating 24 hr). 

Experimental procedures. Rehydration by immersion in hot 
liquids was accomplished as follows: One hundred-gram sam- 
ples of known moisture content were placed in a hardware-cloth 
basket (4¢-in. mesh) and immersed for various periods in 1 L 
of rehydration liquid at 100°C. To minimize evaporation losses, 
the vessel was covered during rehydration. The rehydrated 
samples were spread on a -in.-mesh sereen and drained 3 min. 
They were then placed in 1-pt Mason jars and sealed. After 
24 hr for moisture equilibration, the samples were weighed 
and ground 3 times through a food grinder (nutbutter disk), 
and portions taken for analyses. Samples of 1, 3, and 5 |b 
were rphydrated in corresponding volumes of rehydration 
liquid. Samples to be stored more than 24 hr were sealed in 
polyethylene or laminated cellophane-polyethylene bags. 

Rehydration was carried out in eontrolled-humidity cham- 
bers (3-gal glass jars). Atmospheres of known relative humidi- 
ties (RH) were maintained by saturated salt solutions at 20° 
and 30°C as follows: 
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To establish the RH desired, 200 ml of a saturated salt solu- 
tion with exeess solid phase was placed in the jar, and the 
atmosphere was allowed to equilibrate for 24 hr. Then ca, 
40) g of raisins in hardware-cloth containers were suspended in 
the sealed jars. The weight gain was determined periodically 
for 16 days at 30°C and for 21 days at 20°C. 


RESULTS AND DISCUSSION 
In preliminary tests, unprocessed raisins with 8.5% 
moisture content could be rehydrated to 20-22% 
moisture in 1.5-2.0 min in boiling water (Table 1). 


Table 1. Rehydration of raisins in water at 100°C, 


Immersion Moisture content (% ) 
No. of time Av. sol.* 
samples min) Range Ay solids (% ) 


Unprocessed Thompson seedless (1957 crop) 


7 8.3 9.1 8.5 ) 
7 1.0 17.6—-18.6 18.2 38 
6 1.5 19.9—20.6 20.2 1.46 
21.5-23.5 22.5 ).60 
6 25.3-—26.5 26.1 1.84 
Bulk-packed Thompson seedless (1957 crop) 
14 0 14.1—-16.1 15.0 
15 0.5 20.7-22.4 21.6 
14 1.0 22.5-25.0 23.7 0.47 
12 1.5 24.9-27.3 25.8 
12 2.0 27.4-31.2 28.8 0.67 
6 2.5 29.2-—31.7 10.6 0.70 
3ulk-packed Thompson seedless (1958 crop) 
12 0 15.1-16.4 15.6 0 
12 0.5 23.1-25.1 24.3 0.47 
i2 1.0 25.7-27.1 26.6 0.62 
12 1.5 26.6-29.1 27.9 
12 2.0 29.9 2.4 30.7 1.00 


* Soluble-solids content of the water after rehydration 


Since the cleaning operations of raisin packers in- 
crease moisture content, all subsequent studies were 
done on clean, processed, bulk-carton §select-grade 
raisins. The results are summarized in Table 1. 

Table 1 also shows the variation that may be ex- 
pected in raisins of different crop years. Raisins pro- 
duced in 1957 were dried under ideal conditions and 
had minimum mechanical damage from cleaning 
operations during processing. In 1958, unseasonal 
rains during the drying period necessitated more 
vigorous cleaning, with much greater mechanical 
damage to berry skins. As a result, the rehydration 
liquid penetrated the raisin flesh more rapidly in the 
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SOLUBLE SOLIDS 


5 10 
NUMBER OF REHYDRATIONS 
Fig. 1. Soluble-solids accumulation in rehydration liquids of 
water and of 10% raisin syrup due to leaching of solids during 
rehydration of successive samples of raisins (1958 crop), for % 
min. periods. Curves represent the soluble-solids content of the 
rehydration liquid at a constant volume. 


1958 crop. Thus, obtaining a desired moisture level 
of 20-22% took nearly twice as long for 1957 raisins 
as for 1958 raisins. Mrak and Schierbeck (1952), 
using steam as a rehydrating medium, found that 
raisins reached 22% moisture in about 20 min at 
82°C or ca. 1.5 hr at 71°C. Bergholz (1956), using 
rehydration in water, achieved a similar moisture con- 
tent in 5 min at 60°C or 7.5 min at 26°C. Each pro- 
cedure is too time-consuming for commercial use. 
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REHYDRATION, MINUTES 
Fig. 2. Moisture content and weight gain of raisins (1957 
crop) rehydrated at 100°C in rehydration liquids containing 0, 
5, and 10% raisin solids. 


In our study, the 1958 crop showed greater leaching 
losses than the 1957 crop. Such losses can seriously 
reduce the quality of rehydrated raisins. Studies 
were therefore conducted to ascertain the effect of 
rehydration liquid composition on leaching. Fig. 1 
shows the amount of soluble solids remaining in the 
rehydration liquid after numerous successive samples 
were rehydrated in water and a 10% raisin syrup. 
Immersion was for 0.5 min, and the volume of the 
iquid was maintained constant by adding water or 
10% raisin syrup. The build-up of solids is fairly 
rapid when raisins are immersed in water, but the 
addition of 10% raisin solids suppresses leaching. A 
similar pilot-seale trial with 25 15-lb samples of 1959 
crop raisins immersed in water for 45 sec resulted in a 
much lower soluble-solids content (2.5%) remaining 
in the rehydration liquid after completion of the ex- 
periment. These raisins also had been dried under 
ideal weather conditions, and skin damage in clean- 
ing was minimum. Under conditions of the previously 
mentioned studies, leaching losses were ca. 0.2-0.3% 
of the weight of raisins in steam rehydration to high 
moisture levels (Mrak and Schierbeck, 1952), and ca. 
3 and 5%, respectively, in rehydration to 22% mois- 
ture by immersion in water at 60° and 26° C (Berg- 
holz, 1956). 
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The problem of soluble solids being leached from 
raisins during rehydration led to studies on the effect 
that adding soluble solids to the rehydration liquid 
had on rate of rehydration. The results are in Figs. 2 
and 3. Net weight gain actually represents water 


absorbed less the soluble solids leached out. In prae- © 93%R.H. at 20°C. 
tice, however, it is simply taken as the difference be- ‘ 
tween rehydrated weight and initial sample weight. | © STRRH. 


Raisins of both crop years (1957 and 1958) show the 
same trends: that moisture uptake is reduced but that 


the net weight gain is increased as the solids content MOISTURE 
of the rehydration liquid is increased. The retarding & 
effect of the intact skin as a barrier is clear in the = 
different results obtained with the 1957 crop and oO WEIGHT 
1958 crop raisins. a GAIN 

a 


WATER 

5% SOLIDS 
10 % 2 
20% 


© = | 
15 10 20 30 
REHYDRATION, DAYS 
b Vis m Fig. 4. Moisture content and weight gain of raisins (1958 
3 -_ x } crop) rehydrated at 20°C in atmospheres with controlled rela- 
z tive humidities of 87 and 93%. 
2 
a 
a /° BH Observations that raisins tend to pick up moisture 
. z when stored at high RH led to studies on the rate of 
na rehydration at known RH and temperatures. Results 
= with the 1958 crop are in Figs. 4 and 5. 
in RH of the atmospheres was controlled with satu- 
= rated salt solutions since sulfuric acid solutions tend 
0.5 LO 1.5 


REHYDRATION, MINUTES 


Fig. 3. Moisture content and weight gain of raisins (1958 
crop) rehydrated at 100°C in rehydration liquids containing 0, 
5, 10, and 20% raisin solids. 


As may be expected in rehydration, a point is ° 85% RH * 
reached at which excess moisture causes the product © 76% RH. * | 
to be somewhat sticky, with a syrupy liquid draining 30 
to the bottom of the package. In raisins rehydrated — | 
by immersion in hot water, a slight degree of ‘‘syrup- i iceesttacaal 
ing’’ was noted with rehydration to ca. 21-22% 
moisture. It is believed that this amount of syruping s 4 Le 
would not be objected to by baked-goods consumers, & ed a 
since the raisins remain free flowing. Some bakers 
add raisin syrup to flavor and darken the bread. In Fé 
5-lb samples (ca. 21% moisture) packaged in cello- e | 
phane-polyethylene laminate bags, slight syruping Pe 
was noted after one month at 18°C. The degree of | 
syruping was increased by either elevating the storage 
temperature (35°C) or increasing the moisture level a 
of the raisins. 20 

Though no preventive measures were taken, mold REHYDRATION, DAYS 


was relatively infrequent in high-moisture raisins, and 

stricted ihe om OROL Fig. 5. Moisture content and weight gain of raisins (1958 
res ny ed primarily to samp my = aining over £0'/6 crop) rehydrated at 30°C in atmospheres with controlled rela- 
(1957 erop) or over ca. 24% (1958 crop). tive humidities of 76, 85, 97, and 100%. 
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to change concentration, and thus the RH of the at- 
mosphere, by absorbing water from or losing water 
to the raisin samples. 

With this method, increasing raisin moisture con- 
tent above 20% took a long time in atmospheres of 
high RH values, but weight gain was greater than 
with immersion-type rehydration since there was vir- 
tually no leaching of the raisin solids. Syruping of 
the product was noted at about the same moisture 
level as when rehydration was by immersion, but the 
amount was much less, particularly at the higher 
moisture levels. After 9 months in polyethylene bags 
at 20-23°C, raisins rehydrated at 20°C and 938% RH 
to 27.3% moisture showed slight syruping and a slight 
formation of tartrate erystals. When the original 
moisture content was 25%, syruping was less notice- 
able but the formation of crystals was more severe. 


Raisins originally rehydrated at 30°C and 97% 
RH to 28.4% moisture had no detectable crystal for- 
mation after 9 mos storage and remained free-flowing, 
with a little syrup at the bottom of the bag. The 
raisins were not gritty in texture, and some waxy 
bloom remained on the berry skins. Tartrate crystal- 
lization was slight in samples at 27.9% moisture, and 
increased with lowered moisture levels. 
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Vitamin Stability in Fortified Potato Flakes 


Manuscript received January 16, 1961) 


SUMMARY 


In the flake process, a retention of both natural and 
added vitamin C during processing is 71-73%. On storage 
for 28 weeks at 75°F in an air pack, flakes of 5% moisture 
containing antioxidant, retained 70-76% of the natural 
and added vitamin C remaining after processing. In a 
nitrogen pack, substantially all of the vitamin C that sur- 
vived processing was retained after 28 weeks of storage. 
Vitamin C, at an initial level of 56 mg per 3 oz of flakes, 
was less effective as an antioxidant than Tenox IV° in 25 
weeks storage in air. Under nitrogen at 25 weeks and 18 
weeks storage in air, vitamin C at this level was equal to 
Tenox IV. 

Fortification with vitamin B, appears uneconomical be- 
cause of processing losses due to the presence of sulfite. 

Based on retention, fortification with vitamins A, B., and 
niacin seems practical. A yellow color in the reconstituted 
flakes of lots 4 and 5 was attributed to vitamin B,.. How- 
ever, a small panel did not consider the degree of color 
undesirable. Flavor of lots 4 and 5 when reconstituted, was 
considered worse than the standard and was attributed to 
the multivitamin combination in these lots. 


Tue VALUE of the potato as a food 
has long been asserted and the publie verdict has 


*Eastern Utilization Research and Development Division, 
Agricultural Research Service, U. 8S. Department of Agriculture. 

» Hoffmann-La Roche, Inc., Nutley 10, New Jersey. 

* Reference to certain products or companies does not imply 
an endorsement by the Department over others not mentioned. 
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been confirmed by scientific analysis. It is low in vita- 
min © in comparison with ‘‘rich’’ sources (oranges, 
broccoli, cabbage, tomatoes, ete.), but the potato ranks 


as a food of major nutritional importance when *‘con- 
sumer appetite’’ is considered. Research by Dove 

1943) comparing the vitamin C content of potatoes 
with that of cabbage, collards, broccoli, kohlrabi, tur- 
uips, and tomatoes, ranked the potato sixth on a unit 
weight basis. The same values calculated according 
to ‘‘appetite level’’ showed a striking change in the 
order of importanee, with the potato ranking first. 
‘*‘Appetite level’’ reflects not only the nutritional 
value of a food per unit quantity, but the degree of 
preference of the consumer for that food and the rate 
of consumption of it. In appetite level, both nu- 
tritional and psychological measures of value are 
combined, 

Potatoes offer a good nutrient return for the money 
spent. One medium-sized potato, boiled in its jacket, 
supplies about one-quarter of the ascorbie acid 
recommended as a day’s allowance (National Re- 
search Council) for a man 25 years old, 8-10% of the 
iron, thiamine, and niacin; and 4% of the protein, 
riboflavin, and food energy. Since a medium-sized 
potato costs 1-2 cents, the nutrients are a bargain. 

Because the vitamin C content of raw potatoes 
varies with variety, growing season, length of stor- 


age, ete., the content in processed potatoes will also 
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vary. Addition of C and other vitamins could per- 
mit control of nutrient value the year round. 

With this in mind, pilot-plant tests on potato flakes 
were conducted to test the retention of certain vita- 
mins in the potato-flake process, during both drying 
and subsequent storage. This paper reports the 
results, 


EXPERIMENTAL 


Preparation of flakes. Russet Burbank potatoes grown in 
Idaho and bought in the Philadelphia wholesale market in 
February, 1959, were used to produce the flakes. They were 
in good condition but rather low in vitamin C content (12.7 mg 
per 100 g), as would be expected since some 4 months had 
elapsed since they were dug. Potato flakes were prepared by 
methods deseribed earlier (Cording et al., 1954, 1955, 1957, 
1959; Eskew et al., 1956). 

Potatoes were peeled by immersion at 150°F for 6 min in 
water containing 20% by weight NaOH. The loosened skins 
were then removed in a rod-reel-type washer by high-pressure 
water sprays (100 psi). The peeled potatoes were hand 
trimmed to remove damaged tissue and then sliced into %-in.- 
thick slabs in an Ursehel Laboratories Model B slicer. The 
slices were precooked (Cording et al., 1955) 20 min in water 
at 160°F, cooled 20 min in water at 40°F (Cording et al., 
1959), and then cooked 30 min in steam at atmospheric pres- 
sure, They were then soft enough to mash. The cooked slices 
were put through a continuous ricer (Cording et al., 1959). 
The rieed potatoes were collected in 75-lb batches in the bowls 
of «a Hobart Model L-800 mixer. The following additives “ 
were incorporated into the mash by mixing 2 min at slow speed 
in the Hobart mixer: 

1) Emulsion. Containing 7.5 g glycerol monopalmitate, 15 g 
nonfat dry milk, 2.7 g Tenox IV, and 225 ml water. This 
amount was added to each lot except lot 2, from which the 
antioxidant Tenox IV was omitted to test ascorbic acid as a 
substitute antioxidant. 

2) Sulfite solution. Containing 4.5 g NaSO, and 15 g 
NaHSO, in 60 ml of solution, This amount was added to all 
lots, ealeulated to give about 200 ppm of SO, in the dried flakes 
after losses in dehydration. 

3) Vitamins, Lot 1) control, none added; lot 2) vitamin C 
to give 28.1 mg per 3 oz of flakes if none lost in processing; 
lot 3) vitamin C to give 75 mg per 3 oz of flakes if none lost 
in processing; lot 4) vitamins C, B,, and Bey to give 75, 2.5, and 
3.0 mg, respectively, per 3 oz of flakes if none lost in process 

lot 5) vitamins C, By, Be, niacin, and vitamin A to give 

2.5, 3.0, 20.0 mg, and 12,000 international units, respec 
tively, per 3 oz of flakes if none lost in processing. The vita 
mins were dispersed in water before being added to the mash 
in the mixer, 


Each lot was dried separately on a single-drum dryer (Over 
ton Machine Co.) with a drying drum 2 ft in diameter and 3 ft 
long, where it was dehydrated as a continuous sheet about 
0.008 in, thick, with a final moisture content of about 5% 
(Cording et al., 1957). The sheet was cut into flakes about 
\4-in, square by passing it through a 3-roll cutter attached to 
the drier. To avoid mixing one lot with another, each lot was 
followed on the drier by mashed potatoes containing no addi- 
tives, and the product was discarded 5 min after each new 
batch of mash was applied to the drier. From lot 3, more 
flakes were collected than could reasonably be expected from 
75 lb of mash, apparently because of inclusion of some flakes 
from mash containing no additives. This explains the apparent 
low recovery of vitamin C in that lot. 

Flakes from each lot were packed in sealed eans (300 X 509), 
100 g in each, packed half in air and half in nitrogen. The 
eans were stored at 75, 98, and 113°F. Samples were removed 


“Individual manufacturers should consult the Food and Drug 
Administration, Washington 25, D. C., and the food and drug 
officials of the individual states involved, to determine if the 
use of any proposed additive is permissible, and if so, what 
limitations are placed on its use. 


at intervals, assayed for vitamin content, and tested organo- 
leptically for flavor and color. 

Vitamin assay of flakes. Vitamin A. The potato flakes were 
saponified in alcoholic potassium hydroxide, then blended and 
extracted by a single shaking with petroleum ether. An aliquot 
of the petroleum ether was evaporated to dryness and taken 
up with chloroform, and Carr-Price colorimetry was per- 
formed (Gyérgyi, 1951; Methods of vitamin assay, 1951). 

Vitamin B;. The potato flakes were cooked in 0.1N hydro- 
chlorie acid and digested overnight with enzyme (Clarase). 
The filtered extract was passed through a Zeolite (Decalso) 
column and the eluate oxidized via the standard thiochrome 
procedure (Methods of vitamin assay, 1951). 

Vitamin Bs A portion of the extract from the vitamin B, 
assay was buffered with sodium acetate to pH 4.5-6.0 and read 
fluorometrically with an internal standard (Methods of vita- 
min assay, 1951). 

Vitamin C. The potato flakes were blended in 3% cold meta- 
phosphoric acid, filtered and/or centrifuged, and assayed by 
the dye-xylene method, including use of a formaldehyde blank 
and hydrogen peroxide modification to eliminate interference 
by sulfite, iron, and tin, which can cause erroneously high 
values (Gyérgyi, 1951; Methods of vitamin assay, 1951). 

Niacin. The potato flakes were autoclaved with 10 parts of 
LN H.SO, for 30 min at 15 lb pressure. The filtered or centri- 
fuged extract was assayed microbiologically by the method of 
U. S. Pharmacopoeia XIV, page 737. 

Organoleptic testing. Samples were reconstituted by com- 
bining 100 g with 2 cups of liquid (1% eups boiling water + 
% cup eold milk) and adding 1 tablespoon of butter and % 
teaspoon of salt, i.e., as served in the home. In evaluating 
taste alone, panel members wore red goggles to avoid the influ- 
ence of the yellow color contributed by the riboflavin in lots 4 
and 5. Color was evaluated separately. Samples were ranked 
1-5 in the order of least ‘‘off’’ flavor to most ‘‘off’’ flavor. 
The panel had to be small (8-15 members), so no attempt was 
made to determine ‘‘acceptability.’’ Differences between sam- 
ples were calculated at the 95% level of reliability. 


RESULTS AND DISCUSSION 


Retention during processing and storage, Tables 1, 
2, 3, and 4 show recovery and retention data for vita- 
min C, All recovery and retention data are based on 
3 oz (85 g) of flakes; this is the normal amount in 
four servings. 

Table 1 gives data on the natural vitamin C of the 
potato. Based on 12.7 mg per 100 g found in the raw 
potatoes before processing, it would be expected that 
49 mg would be present in 3 oz of flakes if none were 
lost in processing. A level of 36 mg per 3 oz of flakes 
was found just after processing, a recovery of 73%. 
After 4 months of storage in an air pack, at room tem- 
perature (75°F) and at elevated temperatures (98 
and 113°F), 23-26 mg per 3 oz remained in the flakes, 
representing about 70% retention of the vitamin C 
surviving the processing, or 50% of that in the raw 


Table 1. Vitamin C content (mg/3 oz) of potato flakes, 
packed in air and under nitrogen, after storage at different 
temperatures." 


Air pack 
Storage 
(weeks) 75°F 98°F 113°F 


0 36 36 36 
4 

10 

12 29 
16 23 26 26 

28 30 

* Initial value of 36 mg/3 oz represents a 73% recovery on drying 
of the 49 mg/3 oz calculated on the basis of 12.7 mg/100 g of raw 
potato. 
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National Acidulants 


Why continue to formulate with commonplace food 
acidulants, when you may be able to impart taste- 
tempting new sales appeal by switching to Malic, Suc- 
cinic or Adipic* Acids? 


Each of these National acidulants is approved for food 
use. Each is amply available in consistently uniform 
food-grade physical and chemical analysis. Each imparts 
a different and distinctive flavor note. Alone or in a 
blend, one of these National Food Acidulants may give 
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Get Working Samples Now 

Words can’t describe tastes or after-tastes. You know 
that and so do we. That’s why we urge you to try the 
addition or substitution of all 3 National Food Acidu- 
lants in your formulas or recipes. To make it easy we'll 
supply generous working samples and complete tech- 
nical data for your laboratory and test kitchen, Just use 
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BAKING BREAKTHROUGH 


Fluid Flex 
Style 


How Durkee Research is Revolutionizing Baking with a Fluid Shortening 


THE PROBLEM: Develop a superior emulsified 
shortening to meet the needs of today's wholesale 
bakeries. As more and more large scale bakeries 
turn to automated production facilities, ingredient 
suppliers must adapt or develop products expressly 
for the bulk handling systems such facilities require. 
Durkee, long a supplier of emulsified shortenings 
to the bakery industry, turned to its Technical 
Service Staff to meet this challenge. 


THE SOLUTION: Liquefy, Emulsify, Infuse: Pro- 
ducing emulsifiers for over 20 years, Durkee knew 
what potential baking improvements lay waiting 
the development of a workable combination of 
emulsifiers and oil in one pourable, pumpable fluid 
product...a product built for automated bulk 
handling systems. Using developmental and pro- 


DURKEE tecunicat service 


Department FT + 900 Union Commerce Buliding « Cleveland 14, Ohio 


Jamaica,N.Y. Loulsville, Ky. « 


Berkeley, Calif. « 


duction procedures learned through those years of 
experience, Durkee perfected a method of infusing 
microscopic crystals of a unique emulsifier into a 
top quality liquid oil that produces lighter, finer 
textured baked goods with longer shelf life. We 
named this new shortening FLuip FLEx. 


THE SIGNIFICANCE: Revolutionary. Here again, 
Durkee’s technical competence in the fields of fats 
and oils led to an entirely new concept of produc- 
tion for an entire industry before the industry knew 
it could be done. Purposeful research is continually 
in progress at Durkee. Here is where we may be 
able to help you most whenever your product or 
process warrants further attention. We'd be glad 
to help. Just phone or write. 


Chicago, Ill. 
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VITAMIN STABILITY IN 


potato. The vitamin assay on the air-pack sample at 
28 weeks is anomalous, but it can probably be con- 
cluded at least that no further loss occurs. In the 
nitrogen pack, the data indicate 100% retention on 
storage of the vitamin C that survived the processing, 
or an over-all retention of 73.5% of the natural vita- 
min in the raw potato. It is notable that potato flakes, 
even in air pack, retain 50% of the natural vitamin 
C after 7 months storage, whereas fresh potatoes 
would retain less than 30% (Murphy, 1946). 

Table 2 lists vitamin C data for lot 2, to which the 
vitamin was added at a low level, with no antioxidant, 


Table 2. Vitamin C content (mg/3 oz) of fortified potato 
flakes, packed in air and under nitrogen, after storage at dif 
ferent temperatures." 


Air pack Ny, pack 
Storage 
(weeks) 75°F 98°F 113°F 75°F 98°F 113°F 
0 56 56 56 56 6 56 
4 16 56 
10 16 52 
i2 39 
16 19 ou 40 46 0 
28 42 40 


* Initial value of 56 mg/3 oz represents a recovery of 20 mg/3 o7; 


or 71% of 28.1 mg/3 oz added before drying 


to test not only its retention but its natural antioxi- 
dant quality as well. The initial assay showed 56 mg 
per 3 oz. Subtracting 36 mg per 3 oz contributed by 
the raw potatoes themselves, 20 mg (71%) was re- 
covered of the 28.1 added to the mash. Of the 56 mg 
present in flakes initially 29-39 mg (52-69%) were 
retained in the air pack after 16 weeks at room tem- 
perature and elevated temperatures. Again, no fur- 
ther loss is indicated at 28 weeks. In the nitrogen 
pack, retention was 71-87%. 

Table 3 lists vitamin C data for lot 3. The level of 
addition in lot 3 as well as 1n lots 4 and 5 was designed 
to give sufficient in the flakes after storage to provide 
50% of the adult minimum daily requirements 
(15 mg) in each serving, or a minimum of 60 mg per 
3 oz (4 servings). As mentioned, more flakes were 
collected for lot 3 than could reasonably be expected 
from 75 lb of mash. This explains the apparent low 
recovery of vitamin C in this lot. However, per- 
centage retention for lot 3 in air and nitrogen com- 
pares well with that for lots 4 and 5 (Table 4). 

Table 4 shows average vitamin C retentions for lots 
4 and 5, wherein this vitamin was added in combina- 
tion with others. As in lots 1 and 2, retention of the 


Table 3. Vitamin C eontent (mg/3 oz) of fortified potato 
flakes, packed in air and under nitrogen, after storage at dif 
ferent temperatures." 


Air pack Nz pack 

Storage — 

( weeks) 75°F 98°F 113°F 75°F 98°F 113°F 
ao ao a0 ao 
4 69 RO 
10 42 76 
16 58 54 44 78 Al a0 
28 60 70 


* Initial value of 80 mg/3 oz represents a recovery of 44 mg/3 oz 
or 59% of 75.0 mg/3 oz added before drying 
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Table 4. Vitamin C content (mg/3 oz) of fortified potato 
flakes, packed in air and under nitrogen, after storage at dif- 
ferent temperatures." 


Air pack Ny pack 

Storage 

( weeks 75°F 98°F 113°F 75°F 18°F 113°F 
0 80 90 90 90 90 90 
4 71.5 90 
10 odes 46 80.5 
12 56.5 83.5 
16 74.5 54.5 34 100 92 83 
2R 68.5 87 


* Initial value of 90 mg/3 oz represents a recovery of 54 mg/3 oz; 


or 72% of 75.0 mg/3 oz added before drying 


vitamin during processing was over 70%. Retention 
for 28 weeks in an air pack at 75°F was 76%, safely 
above the 50% adult minimum daily requirement per 
serving. In an air pack at 98 and 113°F, the level 
had dropped below the 60 mg required, indicating a 
need for higher levels of addition if high storage tem- 
peratures are likely. In a nitrogen pack, retention 
was excellent at all temperatures tested. 

Table 5 shows the retention of vitamin A during 
processing and storage. In lot 5 it was used in com- 
bination with vitamins B,, Be, and C, and niacin. An 
assay of the raw potatoes showed only a trace of vita- 
min A; 12,000 U.S.P. units per 3 oz of flakes were 


Table 5. Vitamin A content (USP units/3 oz) of fortified 
potato flakes, packed in air and under nitrogen, after storage 
at different temperatures.“ 


Air pack pack 

Storage 

(weeks) 75°F 98°F 113°F 75°F 98°F 113°F 
0 10,900 10,900 

7 7,600 7,900 
10 és 7,100 7,500 
12 ose 8,350 9,25f eases 
16 8,000 7.000 6,050 10,600 7,400 
28 7,420 10,600 


" Initial value of 10,900 USP units/3 oz represents a recovery of 
10,900 USP units/3 oz; or 91% of 12,000 USP units/3 oz added be 
fore drying. 


added to the mash before drying; and 10,900 units 
(91% ) were recovered in the flakes. In the air pack 
after 16 weeks at 75°F, 8000 units remained per 3 oz 
of flakes, equal to 50% of the adult minimum daily 
requirement per serving. In 28 weeks at 75°, and in 16 
weeks at 98 and at 113°, levels dropped below that 
required. In the nitrogen pack at 75°, 97% of the 
vitamin A in the flakes still remained after 28 weeks. 
At 98° after 16 weeks, vitamin A was sufficient to 
meet the 50% minimum daily adult requirement. 
Retention at 113°F had dropped below this level. 
Flakes of lots 4 and 5 had a pronounced yellow color 
from riboflavin, and produced a yellow mashed potato. 

Flakes from lot 1 (no added vitamins) contained 
4.4 mg of niacin per 3 oz, about 11% of minimum 
daily adult requirement per serving. When niacin 
was added to mashed potatoes before drying, at 20 
mg per 3 oz of flakes produced, 94% was recovered 
(Table 6). Retention of the niacin initially in the 
flakes was excellent (more than 90%) after 28 weeks, 
in both air and nitrogen. 

The excellent retention of riboflavin (vitamin Be) 
is shown in Table 7. Of the amount added to mashed 
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Table 6. Niacin content (mg/3 oz) of fortified potato flakes, 
packed in air and under nitrogen, after storage at different 
temperatures." 

Air pack Ny pack 


Storage 
(weeks) 


4 
16 
2R 


* Initial value of 23.2 mg/3 oz represents a recovery of 18.8 mg/ 
3 oz; or 94% of 20 mg/3 oz added before drying 


potato before drying, 86% was found in the flakes 
initially. In an air pack at 75°F, 93% of the vitamin 
was still present after 7 months. At higher tempera- 
tures, 98 and 113°F, retentions were about 86% after 
16 weeks. At 75°F, retention was about the same in 
nitrogen as in air; at 98° and 113°F, retention in 
nitrogen pack was slightly, but not significantly, 
higher. 


Table 7. Vitamin Be content (mg/3 oz) of fortified potato 
flakes, packed in air and under nitrogen, after storage at dif- 
ferent temperatures." 

Air pack 


Storage 
(weeks) 5°F 98°F 


2.42 
2.41 


3 oz; or 86% of 3.0 mg/3 oz added before drying. 


Loss of vitamin B, is high during processing, 
probably because of the sulfite added to the mashed 
potatoes before drying. Retention during storage, 
however, is good, 80% or above at 28 weeks (Table 
8). 

Organoleptic evaluation of product. Flavor of the 
various lots of flakes was compared at intervals with 
that of lot 1, the control sample having no added 
vitamins but containing Tenox IV. 

Experience has shown that flakes made under con- 
ditions used for lot 1 will have acceptable flavor for 
at least 6 months at room temperature in air pack- 
ing. It was, therefore, assumed that any sample not 
significantly different from the control at a given 
time would also be acceptable. It was also assumed 
that samples worse in flavor than the control at 25 
weeks (approx 6 months) were unacceptable. 


Table 8. Vitamin B, content (mg/3 oz) of fortified potato 
flakes packed in air and under nitrogen, after storage at dif- 
ferent temperatures." 


Air pack N, pack 
Storage 
( weeks) 


1.60 


* Initial value of 1.52 mg/3 oz represents a recovery of 1.34 mg 
3 oz; or 53.5% of 2.5 mg/3 on added before drying. 


On this basis, Table 9 shows that flakes fortified 
with vitamin C to 75 mg per 3 oz (lot 3), alone and in 
combination with vitamins B, and Bs (lot 4), retain 
good flavor when they also contain Tenox IV. Vita- 
min C alone (lot 2), at a low (antioxidant) level, is 
not as good an antioxidant as Tenox in the air-packed 
product. When vitamin A and niacin are added (lot 
5) in combination with vitamins C, B,, and Bo, flavor 
is unacceptable. In the nitrogen pack, however, the 
flavor, though variable, appeared about the same as 
the standard after 25 weeks at 75°F (lot 5). 


Table 9. Organoleptie comparisons of vitamin-fortified 
flakes with standard flakes for off flavor development. 


Air pack Nz pack 
Storage Lot Lot Lot Lot Lot Lot Lot Lot Lot 
(weeks) 1* 2 3 5 1 2 3 


Ww 


Ww 
Ss 


* Standard. 
» Worse than standard 
* Same as standard 


In view of the complications involved in evaluating 
lot 5, further trials with vitamins A and C only and 
vitamins A, C and niacin are needed. These addi- 
tional experiments will determine whether or not 
vitamin A and niacin are acceptable as to flavor. The 
work that has been completed indicates that the chemi- 
cal stability of these vitamins is good. 
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The Correlation of Color Measurements on Canned 
Purple Plums with Consumer Acceptability’ 


Manuscript received Septemter 10, 1960) 


SUMMARY 

The relationship of color acceptability and numerous 
objective color dimensions and ratios of commercial sam- 
ples of canned purple plums was investigated. Color ac- 
ceptability was determined by panels of students. One of 
the objective tests was per cent transmission of diluted 
syrup using the 530 filter of the Lumetron Colorimeter. 
Seventeen other color dimensions derived from the six 
simple dimensions of the Hunter Color Meter and the 
Photovolt reflection meter were studied. A comparison of 
ratios and sums (involving only one arithmetical opera- 
tion), such as a/b vs. a + b shows that goodness of fit of 
the points to the linear regression line depends on the sig- 
nificance of the physical meaning of the terms. For better 
correlations, 11 significant at the 5% level, standard errors 
of estimation and predicting equations are given. There 
was no significant difference between the correlation coef- 
ficients (.93 and .92) for the best measures in the two 
instruments: A/G for the Photovolt reflection meter and 
a/Rd for the Hunter Color Meter. The third-highest cor- 
relation coefficient (.88) was obtained from a third in- 
strument, by measuring % transmission of diluted syrup. 
Thus, any of the three instruments might feasibly be used 
to estimate consumer preference for color of canned purple 


plums. 


Son E STUDIES have been published 
on the physical specification of the color of the flesh 
of raw purple plums (prune-type plums, largely of 
the Italian variety), recently by Ernest et al. (1958) 
and previously by Wiley and Worthington (1955). 
The color of the canned product, however, is very 
different, though the latter authors reported it to be 
predictable from the color of the raw flesh. The 
USDA-AMS standards for grades of canned plums 
allot 50 points out of 100 to what might be called 
(absence of defects and uniformity 
character of 
the fruit 
which in 


‘*workmanship’”’ 
of size Thirty points are assigned to 
fruit,’’ which attention 
itself ‘‘as reflecting degree of ripeness,’’ 
turn is not defined in physical terms. However, color 
is mentioned explicitly, and allotted 20 points. In 
practice, since it is the one physical characteristic dis- 
tinetly set out and readily measurable, color appears 
to be more important than the 20 points indicate. In 
fact, in one study (Wiley, 1953), a laboratory panel 
correlated it with over-all flavor of canned purple 
plums—the highest of any measure studied, vielding 
a correlation coefficient of 0.95. Therefore, color is 
important in this product; it needs to be better defined 
than “‘bright typical color’’ and ‘‘highly colored 
liquid,’’ as stated in AMS grade standards. Also, it 


sé 


focuses some on 
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should be based on consumer estimates of desirability. 
The latter viewpoint is becoming rather generally 
recognized concerning food products. 

In short, the purposes of this investigation were: 
1) to define the color of canned purple plums; 2) to 
relate the color to consumer estimates of desirability ; 


4) to compare the usefulness and validity of three 
color instruments; and numerous color dimensions 
and ratios of each. 
EXPERIMENTAL 

Thirteen master samples, prepared from 11 commercial lots 
of canned purple plums obtained from Oregon retail stores, 
were divided into two groups: A) adjusted for the most part 
to approximately 25 srix ‘‘cut-out’’ syrup; and B) adjusted 
for the most part to 2 Brix syrup (Table 1 Codes num 
bered 9 and 10 were in both groups A and B. Taste tests of 
the previous year’s crop (1956) had shown that the tasters 


weighed the factor of syrup Brix so heavily that other quality 
differences not Thus, it 
was decided to compare heavy syrup lots among themselves and 
of one 


were distinguished with sensitivity. 


likewise with light sy rup lots. About 24 cans, size 2%, 


brand were mixed in a large container. This size of master 
sample was large enough for all the tests. When adjustment 
was necessary to raise degrees Brix to desired level, sucrose 


nd refractometer readings taken until equilibrium 
required a 14 hours (over- 
room temperature. The master samples were kept in 
at 0°F, the required number of con- 


was added ; 


was attained, which maximum of 
night) at 
tightly 
tainers being thawed as needed. 

In the student panel tests of the 1956 crop, the panel mem- 


bers had difficulty in not confounding visual color with general 


closecl containers 


appearance (split skins, ragged texture, ete. The flesh is a 
(different color from the skins, but the colors are apparently 
correlated. Hence, purees were made by blending the fruit 
without syrup in a Waring or similar blender, and they were 
examined in completely full colorless Lucite boxes with covers. 


If air space was excluded, the samples did not change in 
appearance during taste testing. The viewing was done under 
a Macbeth ‘‘desk top north sky daylight’’ light. Each student, 
on each of three days, seored all seven of the samples in group 


A for desirability of color on the hedonie seale ballots, after 
having tasted differently coded samples in the taste-testing 
booths. On other days, group B involved six samples. The 
visual seoring was always done after tasting so the judges 
would mentally associate these boxes of purees with canned 
purple plums. Also, dishes of purple plums were placed on the 
same table. These same boxes of purees were color-analyzed in 
the three color dimensions of the Hunter Color Difference 
Meter, and of the Photovolt Reflectionmeter. No other per- 
manent plaque available yielded as precise results as a National 
Bureau of Standards orchid enamel! plaque: Rd 31.4, a 

+15.0, and b 5.9 in Hunter dimensions, and A 36, G 32, 


and B 36 in Photovolt Reflectionmeter dimensions. 

Per cent transmission of clear syrup diluted 1: 4 in water 
was obtained on 3—5 replicates with the Lumetron Photoelectric 
Colorimeter Model 400A, using filter number 530 (blue-green). 
Spectrophotometrie measurements show greatest absorption at 
525-530 mu (Wiley, 1953 

Consumer color acceptability of the 13 master samples was 
determined by large panels of students inexperienced as or 
ganoleptic judges. In flavor judging these panels had been 
determined to be reasonable substitutes for panels of up to 
700 Oregon consumers tasting in their homes (Calvin and 
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Sather, 1959). Visual judgments were replicated three days 
by an average of 145 students each time. Numbers were as 
signed to the phrases on the hedonic seale as follows: 9, like 
extremely; 8, like very much; 7, like moderately; 6, like 
slightly; 5, neither like nor dislike; ete.; to 1, dislike extremely 
(Peryam and Giradot, 1952). This is the hedonie scale, now 
rather widely used, reported on by workers at the Quartermas 
ter Food and Container Institute. 


RESULTS AND DISCUSSION 


The hedonic mean scores appear in Table 1. Analy- 
sis of variance showed significant differences between 
the coded samples at the 1% level, but none between 
days of replication. The grand average for the pre- 
vious year (1956) was 6.0 when the plums were 
viewed whole in syrup, and all codes were of that 
year's crop. 


Table 1. Mean visual color hedonic scores, purees, 1957 erop. 


Group A Brix Means Group B Brix Means 


Code 7 Code 


4| 
3 


6 
6.8 


15 
a6 


02 


5.6 
Ay 


*The bar encompasses averages showing no significant differences 
at the 5% level, using the multiple range test. Experimental design 


and computation under the supervision of Dr. Lyle Calvin, Experiment 
Station Statistician. 


Table 2 gives the original data for the physical tests 
for color of the 1957 crop. In the previous year, the 
average % T also increased with syrup Brix as fol- 
lows: light syrup, 53°0T; heavy syrup, 57.99% T; and 
extra heavy syrup, 62.2%T. These are respective 
grand averages of 3, 9, and 3 brands. 


Table 2. Physieal color original data, 1957 crop (purees) ; 


(means of 3 to 5 replicates). 


Photovolt Hunter 


When the grand average color by the Photovolt in- 
strument is converted to C.1.E. dimensions, illuminant 
(, they agree very closely with those converted from 
Hunter Color Meter readings. They are, respectively, 
X = .069, Y = .054, Z = .041; and X = .066, Y = .053, 
Z = .045. In the Munsell system, this over-all average 
puree is designated as 9.5 R/2.7/3.4. Routine ecaleula- 
tion of color as such in fundamental terms is not im- 


portant or desirable, since the color determinations 
being investigated here are for operational purposes, 
and hence must be obtained simply and rapidly. If 
another brand of reflection meter were used, C.1.E. 
data would only be valid as approximations, because 
of errors inherent in converting (Little ef al., 1958; 
Mackinney and Chichester, 1954; Schmidt and Idler, 
1958; Shaw and Worthington, 1954), so that regres- 
sion and correlation data for the substitute or pro- 
posed reflection meter would have to be accumulated 
from a fresh start anyway. The new data would in- 
clude the variations inherent in the proposed in- 
strument. 

Correlation coefficients of these values of Table 2 
with the visual scores of Table 1 were determined. 
Since it was not obvious which of the single dimen- 
sions, if any, were closely related to visual color judg- 
ments, coefficients were also determined on ratios and, 
in some cases, sums, such as (a + b), both of which in- 
volve only one arithmetical operation but involve two 
dimensions. This procedure is the opposite of that 
previously used in studying the color of strawberries 
(Shaw and Worthington, 1954), wherein the validity 
of dropping terms from the multiple regression equa- 
tion was tested by analysis of variance. 


Table 3. The 12 highest correlation coefficients * of physical 
color measurements vs. hedonie scores (Groups A and B com 
bined ). 


Rank Measurement Rank Measurement 


A/G 
a/Rd 
%T 
a + 10 
a/b f 11 
a+b 12 


* At the 5% level, correlation coefficients above 
13 pairs 


Of 18 correlation coefficients of single dimensions, 
of ratios and of sums, the 12 highest are shown in 
Table 3. In the case of the Hunter Color Meter the 
use of sums turns out to be reasonable except for 
(b+ Rd), which had little physical relation to the 
flesh color of purple plums. (a+b) has the general 
meaning of hue and chroma or color saturation, since 
all hues are included in the one figure as well as zero, 
which is no hue or gray; ‘‘a’’ encompassing red- 
greenness and ‘‘b’’ encompassing blue-yellowness. 
(a+ Rd), when ‘‘a’’ is positive, as here, means the 
brightness and reddishness are being measured. The 
term reddishness is used because the Munsell designa- 
tions show the hues to be right on the borderline of 
orange. In the case of the Photovolt reflection meter 
the sum of (A + G) yields a low correlation coefficient 
because A and G are, in general, opposites (comple- 
mentary hues). But G has a double meaning since 
it also measures amount of reflection, called bright- 
ness above, so r here shows some degree of correlation, 
actually 0.32. On the Photovolt reflection meter, B 
was always so low it was quite subject to error. The 
combination of B with either A or G brought down 
those correlation coefficients to much lower levels than 
the simple dimensions. 
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ASCORBIC 
ACID 


IF THEY CAN BE PRESSED INTO A TABLET... MORTON WILL COMBINE THEM FOR YOU! 


Morton will work with either seasoning suppliers or canners 
to custom-produce the right flavoring tablets for every job! 

As part of its complete service to canners, packers and proc- 
essors, Morton Salt Company will make tablets containing the 
exact combination of salt and other flavoring agents desired, 
following the user's specifications. 

In fact, Morton has, on occasion, produced tablets that do not 
even contain salt! 

Morton combination tablets are precision made to your exact 
requirements. Ingredients may include any flavoring agents 
which can be combined into a tablet, in any size from 10-grain 
to 400-grain. 


Morton's Complete Dispensing Service—Mortor also offers a 
complete line of tested and approved dispensers, including Salt 
Tablet Depositors which deposit up to 700 tablets a minute with 
guaranteed accuracy. They will help you reduce costs, eliminate 
waste and assure better flavor control. All equipment is installed 
and serviced by Scientific Dispensing Company Division of 
Morton Salt Company. 


How many things go into your product 
that should be combined in tablet form? 


! would be interested in the possibilities of combining 

Title 

Company. 

Address__ 


INDUSTRIAL DIVISION 
Dept. FT-6 
110 North Wacker Drive, Chicago 6, we 
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CHIPPENDALE 


Chippendale furniture is distinctive for its 
exquisite proportions. Thomas Chippendale 
—designer, carver, cabinet maker—had the 
genius to transmute into consistent unity 
such heterogeneous elements as lattice backs, 
pagoda motifs, and the cabriole leg. 


£ 


solublized 


You'll detect an exceptional flavor quality in PEPPEROYAL. 
And find it duplicated, batch after batch. All of the pepper 
extractive is contained in the base material, without loss of 
essential flavor elements. The laboratory controls that in- 
sure PEPPEROYAL quality also assure the better taste of all 
Griffith soluble spices and seasonings. Use PEPPEROYAL 


in catsup, and all other food products for a distinctive 
flavor. 


THE GRIFFITH LABORATORIES, INC. 


CHICAGO 9, 1415 W. 37th Street + UNION, N.J., 855 Rahway Avenue «+ 
284B 
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LOS ANGELES 58, 4900 Gifford Avenue 
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The validities of the color measures in Table 3 as 
practical measures of color quality of pureed canned 
purple plums are found to be very reasonable. The 
first two are practically identical measures of prac- 
tically identical worth, using different instruments. 
The measurement is the brilliance on the red-green 
axis, which in the case of ripe fruit such as this 
(where ‘‘a’’ is positive) more specifically means the 
brilliance of the reddishness. (a/b) being above 1, as 
were all ratios used, means the dominance of red- 
greenness over blue-yellowness as measures of color 
acceptability. Other points of reasonableness are the 
agreements of B and b, and of G and Rd. 

Many of the correlation coefficients for the measure- 
ments of the previous year (1956) were not statisti- 
eally significant. These larger errors may be at- 
tributed to: 1) not using master samples for the 
hedonic testing; 2) using whole fruit rather than 
purees for color tests; and 3) the use of dark, shiny 
skins for color determinations, which color charac- 
teristics are subject to greater errors, especially with 
the Photovolt reflection meter. The data in Table 4 
coincide in general with the more extensive and more 
reliable data in Table 3 except that the rankings of 
‘‘a’’ and ‘‘b,’’ hue factors, are interchanged because 
skin color is different from puree color. It will also 
be noted that Rd and G, measures of reflection with 
the two different instruments, asume more impor- 
tance in measuring skin color, and it is also shown that 
student consumers consider high reflection or shini- 
ness as undesirable, i.e., the correlation is negative. 


Table 4. The seven highest correlation coefficients of physi 
eal color measurements on skins vs. hedonic scores, 1956 crop. 


Rank Measurement r 


924 
.92 

90 
87 
B85 

34 


*s = standard error of estimate in units of hedonic scale 


In considering whether any of the physical meas- 
ures of color can be used to predict the acceptability 
of puree color on the hedonic seale, the next step is 
to calculate the standard errors of estimation of those 
having the higher correlation coefficients. Table 5 
shows that the best of these is +.48 hedonic score 


Table 5. Regression data of selected physical color measure 
ments vs. hedonie color scores, 1957 crop. 


a Hedonic color score equals 

48 A/G — .936 
0958 

a/Rd + .397 

%T — 103.77 
—8.26 

—1.98 


2.063 


*s = standard error of estimate in units of hedonic scale 


units, which is rather imprecise for predicting. There 
are several possible reasons for this. They should be 
investigated so as to obtain lower standard errors of 
estimation, and, consequently, more usable prediction 
equations. 
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Fresh and Stored Poultry °* 


(Manuscript received January 30, 1961) 


SUMMARY 

Higher counts of enterococci, coliforms, and total aerobes 
were recovered from live turkeys than from carcasses on 
the processing line. The greatest decrease followed immer- 
sion in the seald tank and after mechanical picking. En- 
terococci outnumbered coliforms on the skin of the live 
birds. The ratio of S. faecium to S. faecalis was about 22:1. 
Numbers of enterococci (predominantly S. faecalis) and 
coliform organisms on refrigerated dressed chickens tended 
to remain constant during storage (15-20 days) or to de- 
cline slowly, whereas counts of total aerobes generally in- 
creased as storage progressed. Freezing inoculated turkeys 
at —30°C and storing at —2 to —10°C reduced percentages 
of coliforms more than those of enterococci. Early in the 
storage period, loads of enterococci did not diminish but 
after 3-4 months only about 1% survived. Few coliforms 
persisted after freezing and, after 90 days, none could be 
detected. Levels of enterococci and coliform organisms on 
uninoculated control turkeys were low initially; about 2 
3% of the enterococci persisted for 3-5 months. None 
of the coliforms survived freezing. Enterococci and colli- 
forms appeared to be of equal value in indicating initial 
contamination of birds stored above freezing but, when 
measuring original contamination of bics stored below 
freezing, only the enterococci were of value. Ordinarily, 
the coliforms failed to survive freezing. 


OCCASION, enteric pathogens 
may contaminate processed poultry through fecal 
matter. Since the isolation and cultivation of patho- 
gens from water and foods is sometimes difficult, 
coliforms, enterococci, and certain other intestinal 
microorganisms have been used to indicate fecal con- 
tamination. The desirable features set forth most 
frequently for using indicator organisms are: abun- 
dance in feeal matter of man and other animals, 
habitat restricted to the intestines, persistence in 
foods, and ease in detection and enumeration. 

It has been well established that enterococci and 
coliform organisms are numerous in fecal matter. 
Particular references to the incidence of these micro- 
organisms in poultry are given in a review of the 
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literature by Gunderson et al. (1954) and in a report 
by Barnes (1958). 

Litsky et al. (1953) state that ‘‘the coliform or- 
ganisms, because of their ubiquity in nature and their 
ability to multiply outside the animal body, fail to 
measure sanitary quality.’’ The need for discretion 
in using coliform counts for sanitary control of foods 
has also been pointed out by several other researchers 
(Buttiaux, 1959; Dack, 1955; Herrick, 1948; Vaughn, 
1958). On the other hand, Litsky et al. (1953, 1955) 
reported that enterococci are not found in potable 
water, virgin soils, and sites out of contact with 
human and other animal life, and indicated that these 
streptococei are better indicator organisms than are 
coliforms. Nevertheless, the isolation by Mundt e¢ al. 
(1958) of enterococci from ‘‘areas reasonably devoid 
of human and large mammalian life’’ indicates a need 
for more knowledge of the distribution of these or- 
ganisms. Gunderson and co-workers (Gunderson and 
Gunderson, 1945 ; Gunderson et al., 1946, 1954), noting 
a considerable increase in counts of coliforms on 
poultry immediately after removal of viscera, con- 
sidered these bacteria to be indicators of the sanitary 
efficiency of the evisceration procedure. 

Although feeal contamination is undesirable in 
foods, it is of interest to know the origin of the con- 
tamination if a sound sanitary program is to be de- 
veloped. Studies indicate that Streptococcus faecalis 
is the characteristic enterococcus in humans (Cooper 
and Ramadan, 1955; Moutoussis et al., 1958). How- 
ever, S. faecium has been found in the feces of hu- 
mans as well as other animals (Buttiaux, 1958; 
Moutoussis et al., 1958). Barnes (1958, 1959) has 
noted that, though S. faecalis is found in chickens fed 
on a ‘‘normal diet,’’ 8S. faecium is the predominant 
enterococcus. 

The persistence of enterococci and coliform or- 
ganisms in foods, particularly frozen foods, has re- 
ceived considerable attention (Brown and Gibbons, 
1950; Burton, 1949; Kereluk and Gunderson, 1959; 
Larkin et al., 1955; Ostrolenk and Hunter, 1946). 
These studies show that enterococci have a greater 
ability to survive freezer storage than do coliforms. 
In a study of the bacterial load on chickens held at 
—10 to —15°C, Gunderson et al. (1946) noted con- 
siderable reduction of the coliform population after 
a few days. Only occasionally were coliforms isolated 
during the 7 months that the birds were in storage. 

Litsky et al. (1953) and Barnes (1956, 1959) re- 
viewed much of the previous literature on means of 
isolating and enumerating enterococci and reported 
the development of media permitting high selectivity 
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ENTEROCOCCT AND COLIFORMS ON POULTRY 


and recovery. In comparing media for detection of 
enterococci on poultry, Walker and Ayres (1959) 
found that fewer organisms were recovered with SF 
medium than with azide dextrose broth, buffered glu- 
cose glycerol broth, or thallous acetate tetrazolium 
agar. The last medium gave the best recoveries when 
samples were taken from birds inoculated with known 
enterococci. 

Little information is found regarding the occur- 
rence of enterococci in poultry or the effect of low 
temperatures on counts obtained from poultry sur- 
faces. The present study was undertaken to deter- 
mine the incidence and significance of enterococci and 
coliform organisms on poultry in the plant and in 
storage at low temperatures. 


MATERIALS AND METHODS 


Bacteriological samples were taken from live turkeys (sta- 
tion 1) and from turkey carcasses at the following points on 
the evisceration line: after picking (station 2), after singeing 
(station 3), after eviscerating (station 4), and after a final 
rinsing (station 5). Samples were obtained using a method 
similar to that deseribed by Walker and Ayres (1956) and 
maintained 4-10 hr in peptone water blanks (0.1% peptone and 
0.5% NaCl) until they could be subcultured at the laboratory. 
Three separate sets of samples were obtained from the process 
ing plant. During the first plant visit, 6 samples were taken at 
each station, and in each of 2 subsequent trips, 10 samples were 
obtained at each station so that, in all, 130 samples were 
analyzed. 

Twelve fresh dressed broilers were obtained from a com 
mercial processing plant for storage at temperatures above 
freezing. After the initial sampling in accordance with the pro 
cedure described below, all birds were wrapped in Cryovae 
film (75-gauge) and stored. Three broilers were held in a 
chest-type Victor freezer at 0 + 0.5°C; the temperature used 
was maintained so that it would be slightly higher than the 
freezing point for flesh. An additional 3 broilers, kept at 
0-2°C with the aid of cracked ice, and the remaining 6 birds, 
not iced, were stored in a refrigerator maintained at 4.4 + 2°C. 
The vessel containing the iced birds was perforated at the 
hottom to prevent accumulation of water. 

Those birds held at 0°C were sampled at 5, 10, 15 and 20 
days, and those held at 4.4°C were sampled at 3, 6, 9, 12, and 
15 days. The pattern of sampling was to swab four 10-em’ 
areas on the front, middle, or rear third of the carcass. At 
least 3 birds were examined from the three groups during each 
of the four sampling periods. The average count then repre- 
sented all areas of the bird. 

In preparation of birds for storage below freezing, 9 tur 
keys were cut in two longitudinally with a cleaver. Of these 
18 half-careasses, 10 were inoculated with microorganisms; the 
remaining 8 were uninoculated controls. The inoculum, pre- 
pared by mixing 1-ml portions of 24-hr eultures of S. faecalis 
(3B22), S. faecalis var. liquefaciens (3B16), Escherichia coli 
(WP 2B10), and 8S. faecium (M23), was applied by swabbing 
the surface of the poultry. The last organism was isolated from 
an eviseerated chicken during the study; the others were 
obtained from the Department of Bacteriology, Iowa State 
University of Science and Technology, Ames, Iowa. After 
initial samples were obtained from both inoculated and un- 
inoculated half-birds, the carcasses were placed in Cryovae 
packages and frozen at —30°C. The turkey halves were then 
transferred for holding to a freezer maintained at —2 to —10°C. 
The pattern of sampling was similar to that previously de- 
seribed for broilers. All cotton-swab samples were placed in 
serew-cap tubes containing peptone water (0.1% peptone and 
0.5% NaCl). Total aerobic counts of microorganisms were 
made on nutrient 0.4% gelatin agar (NGA) ineubated 3-5 
days at 15°C. 

Numbers of coliform bacteria were determined by plate 
count and/or by the most-probable-numbers (MPN) tech 
nique (American Public Health Assoe., 1955). Violet red bile 


agar (VRB, Difeo) was used for enumeration of coliform or- 
ganisms by the plate-count method. Typical coliform colonies 
were counted after incubation of these plates for 24 hr at 
37°C. For the presumptive coliform tests wit’ the MPN tech- 
nique, 5 lauryl tryptose broth (LTB, Difeo) tubes per dilu- 
tion were used. Organisms from tubes showing gas formation 
were streaked on eosin methylene blue agar (EMB, Difeo) or 
transferred to brilliant green 2% bile broth (BGB, Difeo) for 
confirmation. Plates having typical colonies and tubes show- 
ing gas production were considered to contain coliform 
organisms. 

Enterococci were enumerated by the use of a spread plate 
technique and an MPN method similar to that employed for 
coliforms. With the spread plate method, portions of the sam- 
ple were distributed on thallous acetate tetrazolium (TA) agar 
prepared as described by Barnes (1956) except that beef ex 
tract was substituted for Lab Lemeo, and Difeo produets were 
used. The presence of enterococci was determined by the for 
mation of colonies with (1) a red center, (2) pale-pink sur 
face, or (3) smooth-white surface after 36-48 hr at 37°C. 

Azide dextrose broth (AD, Difeo) tubes were used in pre 
sumptive tests for determining the MPN of enterococci. Or 
ganisms from tubes showing turbidity after incubation were 
transferred to ethyl violet azide broth (EVA, Difeo). Tur 
bidity and/or a purple button at the bottom of EVA tubes was 
considered to indicate enterococci. 

Numbers of enterococci and coliform bacteria present on 
turkeys during processing were determined only by plate 
counts; in storage studies, both agar and broth were utilized. 

For characterization of isolates on TA agar plates, well- 
isolated colonies were picked and transferred to stock culture 
igar (Difco) after purification procedures. Brain heart in 
fusion (BHI) broth (Difeo) cultures of these isolates were 
used to inoculate media for biochemical tests. 

Growth at 45°C, growth at pH 9.6, growth in the presence of 
6.5% NaCl, and tolerance of organisms to 0.1% methylene 
blue were used for classifying isolates as enterococci; further 
tests for differentiating organisms of this group are deseribed 
later. 

In order to characterize the enterococci and to differentiate 
growth of S. faecalis from that of S. faecium, the following 
tests were made. Tubes of BHI broth were inoculated with the 
test organisms and incubated 36 hr in a water bath at 45°C. 
Properly adjusted BHI broth was used to check for initiation 
of growth at pH 9.6. Turbidity of the broth tubes was con 
sidered evidence of growth. The reaction of the isolates to a 
high coneentration of salt was determined by streaking the cul 
tures on BHI agar containing 6.5% NaCl. Cultures forming 
colonies were considered tolerant to this concentration of NaCl. 
Reconstituted skim milk was utilized as the basal material in 
the methylene-blue and litmus milk tests. Tubes of these media 
were observed for growth and reduction after incubation at 
37°C for 18 hr and 1, 2, and 7 days. For testing resistance to 
tellurite, potassium tellurite solution was added to BHI agar 
to give a concentration of 1:2500. Typtose blood agar base 
(Difeo), to whieh sheep blood was added, served to test for 
hemolysin production by the isolates, The test medium for fer 
mentation reactions was prepared as deseribed by Mundt and 
Johnson (1959), and reactions were read after ineubation for 
24 hr. Also, tubes of nutrient gelatin (Difco) were inoculated 


7°C. 


and then incubated 5—14 days at 37 


RESULTS AND DISCUSSION 


Characterization of isolates. Of 164 isolates recov- 
ered from turkeys, 140 satisfied the criteria estab- 
lished for distinguishing enterococci. Most of the 
other 24 isolates were Gram-positive rods but did not 
exhibit all of the required characteristics. The 140 
enterococeal cultures formed red-centered or pale- 
pink or smooth-white colonies on TA agar, whereas 
most of the remaining 24 isolates produced completely 
red colonies. 

Eighty-seven of the enterococcal cultures obtained 
fromm turkeys were selected for study of other bio- 
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Table 1. Numbers and reactions of enterococei isolated from 
turkeys and chickens. 
8. faecalis 8. faecium Others 


Number of isolates with reactions shown below: 
Turkeys § 26 
Chickens 28 


Reduction of 


Tetrazolium 


Growth on K-tellurite agar 
Good 
Weak or none 


Fermentation of: 
Sorbitol 
Arabinose 
Mannitol 


chemical reactions (Table 1). Fifty-seven isolates 
(ineluding 24 that liquefied gelatin) were considered 
to be typical of S. faecalis, and 26 were regarded as 
similar to S. faecium. The remaining 4 isolates were 
of doubtful classification since they did not exhibit 
all of the major biochemical characteristics ascribed 
by Shattock (1955) and Barnes and Ingram (1955) 
to either of these species. However, 3 of these 4 iso- 
lates demonstrated reactions that LeClere (1959) con- 
sidered to be characteristic of S. faecium. The eul- 
tures of S. faecalis formed typical red-centered 
colonies on TA agar, grew well on 1: 2500 potassium 
tellurite agar, fermented sorbitol, and did not fer- 
ment arabinose. Isolates of 8S. faecium produced pale- 
pink or smooth-white colonies on TA agar, failed to 
grow well on 1: 2500 potassium tellurite agar, failed 
to ferment sorbitol, but fermented arabinose. In addi- 
tion, cultures of S. faecalis were usually y-hemolytic 
on sheep blood, whereas isolates of S. faecium gen- 
erally were B-hemolytic. Most cultures of 8S. faecalis 
strongly reduced litmus milk; the degree of litmus 
milk reduction appeared to vary among strains of 
S. faecium. These biochemical reactions confirm the 
separation of S. faecalis and S. faecium by colony 
color and are in agreement with findings of Barnes 
(1956) showing that differential counts of S. faecalis 
and S. faecium can be made on TA agar. 

Eighty-two cultures were isolated from chickens. 
Of these, 23 cultures were rejected for further study 
since their colonial characteristics on TA agar were 
atypical. Fifty-five of the 59 isolates also met the 
other criteria set forth for enterococci. Biochemical 
reactions (Table 1) revealed that 10 isolates were 
similar to S. faecalis, 28 to 8. faecium. Seventeen eul- 
tures could not be considered as characteristic of 
either of these species. Cultures of 8S. faecalis and 
S. faecium from chicken produced the same type of 
colonies on TA agar as did cultures isolated from tur- 
keys. In addition, reactions to various biochemical 
tests were generally the same. Nevertheless, about 
half of the cultures of S. faecium from chickens fer- 
mented raffinose, whereas isolates from turkeys rarely 
did. 

Incidence of enterococci, coliform organisms, and 
total aerobes on turkeys in a processing plant. As in- 
dicated in Table 1, some enterococcal organisms from 
turkeys did not possess all of the characteristics of 
S. faecalis and 8. faecium. Practically all isolates 


tested, however, could be classified in these species so 
it was considered that the total enterococeal count 
comprised colonies showing color characteristics typi- 
cal of either 8. faecalis or 8. faecium on TA. Median 
counts of enterococci found at various stages of 
processing plotted in Fig. 1 indicate that the numbers 
of enterococci decreased during processing. The skin 
of the live bird had an enterococeal count of about 
12,000 per em?, whereas the final product had about 
1 organism per em? of skin surface. Variation in 
enterococeal counts at the first two stations was con- 
siderable. Loads obtained from the live bird (station 
1) and after picking (station 2) were generally higher 
in rainy or snowy weather than in dry weather. Nine 
of the 10 samplings on live turkeys during dry 
weather indicated loads of less than 10,000 per em?, 
whereas loads for birds exposed to rain or snow ex- 
ceeded 10,000 almost without exception. Most en- 
terococcal counts obtained after picking were greater 
than 100 per em? during wet weather, while half of 
the counts obtained during dry weather were 1 or 
less per cem*. Levels of enterococci recovered at other 
points on the eviscerating line did not appear to be 
influenced by loads on the live bird. The decrease in 
total numbers of enterococci was caused largely by the 
scalding and mechanical picking procedures. Vari- 
ations in counts at these stations were generally not 
great. 


Total aerobes Stations 


| Live bird 

2 - After picking 

3 - After singeing 

4 -After eviscerating 
5 - After final rinsing 


Enterococci 


No. organisms per cm? 


Coliforms 


L i 
3 4 
Stations 


Fig. 1. Median counts of organisms from the skin of turkeys 
at various stages of processing. 
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Fig. 1 shows a general decrease in median counts of 
coliform organisms as processing progressed, except 
for a slight increase after evisceration (station 4). 
Although 150 coliforms per em? were recovered from 
the live bird, only 1 per cm? was obtained from the 
final product. As with the enterococci, there was con- 
siderable variation during rainy or snowy weather in 
numbers of coliforms recovered from the live bird and 
after picking; counts obtained at these stations dur- 
ing dry weather were more uniform. Only small num- 
bers of these organisms were detected after eviscer- 
ation; apparently, good technique was used in re- 
moving the viscera. 

Median counts of total aerobes generally showed a 
decrease during processing but there appeared to be 
a slight increase in numbers of organisms at station 
3. The live bird had a count of 955,000 organisms per 
em?, whereas the final product had a count of 1,300 
per em*. Similar to counts of enterococci and coli- 
forms, total numbers of organisms on the live turkey 
and after picking usually were higher during rainy or 
snowy weather than during dry weather. The loads 
of organisms recovered at stations 3, 4, and 5 did not 
appear to be influenced by levels of bacteria on the 
live bird. 

When the action of the scald water was tested in a 
laboratory experiment and the careass submerged for 
1 minute in water at 60°C, loads on inoculated turkey 
were reduced from averages of about 29,000 to 7,700 
enterococci and 4,000 to 1,600 coliforms (Table 2). 


Table 2. ‘Bacterial numbers on turkey halves before and 
after submerging for 1 minute in water at 60°C." 


Uninoculated 


Inoculated half half 
S. faecalis var. 
liquefaciens BE. coli 

Samplings (3B16)* (WP2B10)° Total aerobes4 
Before submersion 

1 25,200 2,900 410 

2 88,400 6,500 560 

3 40,400 5,700 210 

4 2,000 980 300 
After submersion 

1 2,600 890 26 

2 2,500 5,000 55 

3 16,400 320 310 

4 9,200 360 41 


* Numbers per cm? of skin surface 

» Counts obtained on thallous acetate tetrazolium agar. 
© Counts obtained on violet red bile agar. 

4 Counts obtained on nutrient 6.4% gelatin agar 


These samples showed that most of the enterococcal 
and coliform populations initially present do not re- 
main after scalding. 

Although the total enterococcal count decreased 
during processing, numbers of 8S. faecalis obtained 
after singeing (station 3) showed an increase from 
the previous station (Fig. 2). 8S. faecalis comprised 
4.1% of the total enterococci at station 1, 3.5% at 
station 2, 32.0% at station 3, and 44.4% at station 4. 
One might conclude that while 8. faecium predomi- 
nated during the early stages of processing, after the 
birds were on the processing line the two species of 
enterococci were equally prevalent. 


Table 3. Numbers of enterococci, coliform organisms, and 
total aerobes on stored chickens. 


Days in storage 


Media 0 3—6 9-12 15-20 
Enterococci No. of organisms/cm? 
0°C (Air)* TA 150 160 160 93 
AD-EVA . 6.2 12 6.5 
0°C (Ice)* TA 180 220 190 20 
AD-EVA 16 18.7 6.9 
4.4°0O» TA 220 315 158 76 
AD-EVA 21.6 13.3 17.5 
Coliform organisms 
0°C (Air)* VRB 15 9 20 6 
LTB-BGB a 8 12.5 2.8 
0°O (Ice)* VRB 12 10 17 3 
LTB-BGB ae 2.6 13.1 1.2 
4.4°C» VRB 11 12 8 1 
LTB-BGB 7.1 5.3 2.2 
Total no. bacteria (x 10*) 
0°C (Air)* NGA 9.2 6.5 10,600 179,000 
(Iee)® NGA 9.9 42.4 86,100 57,000 
4.4°O% NGA 468 103.000 548,000 
TA (thallous acetate tetrazolium agar); AD-EVA (azide dextrose 
broth-ethyl violet azide broth); VRB (violet red bile agar); LTB-BGB 


(lauryl tryptose broth-brilliant green 2% bile broth); NGA (nutrient 
0.4% gelatin agar). 

* Average of 3 determinations 

» Average of 6 determinations 


Incidence of enterococci, coliform organisms, and 
total aerobes on chickens before and during storage 
above freezing. When eviscerated chickens were re- 
frigerated at 4.4 and 0°C for 15 and 20 days, respec- 
tively, the numbers of enterococci (predominantly 
S. faecalis) and coliform organisms tended to remain 
constant or to decline slowly, whereas total aerobes 
generally increased in storage (Table 3). These find- 


Stations 


| - Live bird 
2- After picking 
3- After singeing 
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Fig. 2. Median counts of S. faecalis and 8. faecium recovered 
from the skin of turkeys at various stages of processing. 
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ings compare with those of Wilson and MeCleskey 
(1951), who studied the enterococeal and coliform 
populations in shucked oysters stored at 4-6°C and 
at 0 to —1°C. 

No explanation is readily apparent for the recovery 
of greater numbers of enterococci on TA agar than 
with AD-EVA broths. Although EVA broth has been 
found to be inhibitory to Streptococcus bovis, both 
this medium and TA agar have been considered suit- 
able to select the more resistant enterococci such as 
S. faecalis, 8S. faecium, 8. durans, and certain un- 
classified types (Barnes, 1959). The small difference 
in numbers of coliforms with VRB agar and LTB- 
EMB agar as substrates may be mainly a result of a 
difference in methods of enumeration. 

The above results on stored chickens suggest that 
during normal transportation of chickens from 
processor to retailer, no multiplication of the meso- 
philic indicator organisms occurs when the product 
is properly iced and refrigerated. High counts of 
enterococei and coliforms on the bird at retail outlets 
indicate inadequate processing of the bird, mis- 
handling of the finished product at the plant or dur- 
ing shipment, or poor handling of the bird at the re- 
tail outlet. Therefore, counts of enterococci and coli- 
form organisms furnish useful information as to the 
sanitary quality of processed poultry held at re- 
frigerator temperatures. In contrast to this, total 
aerobic numbers increase progressively at tempera- 
tures above freezing and such counts are of only 
limited value as an index of the initial quality of the 
bird. 

Occurrence of enterococci, coliform organisms, and 
total aerobes on turkeys before and during storage be- 
low freezing. Fig. 3 shows median counts of entero. 
cocei recovered from the skin of inoculated turkeys 
frozen at —30°C and stored at —2 to —10°C. Prior to 
freezing, the median count was 112,000 per em? on 
TA agar and 79,000 per em*® with AD-EVA broths. 
After freezing and storage for 15 days, 5.8% of the 
initial enterococcal population was recovered with 
TA agar, whereas 8.6% were obtained with AD-EVA 
broths. There was little difference in the number of 
organisms recovered during storage from frozen birds 
with any of the three media used, i.e., TA agar, AD- 
EVA broth and NGA. Numbers of enterococci on TA 
agar and AD-EVA broths respectively after 4 months 
were 1,160 and 850 per em*. At that time levels ob- 
tained from the turkeys revealed a 99% decline in 
enterococcal population. 

Using VRB agar, 16,000/cm? coliform organisms 
were obtained from the inoculated turkeys prior to 
freezing and, using LTB-EMB agar, only 920/em* 
were recovered (Fig. 3). Growth was noted in LTB 
tubes of high dilutions when no gas production was 
observed. After the birds were frozen at —30°C and 
stored 15 days at —2 to —10°C, 1 coliform/cm? was 
recovered with VRB agar, whereas 3.3/em? were ob- 
tained with LTB-EMB. No coliform organisms were 
detected after the 60th day of storage with VRB agar 
or after the 90th day of storage with LTB-EMB. 
Although the numbers of coliforms recovered initially 


Table 4. Total numbers of enterococci and proportions of 
S. faecalis (organisms that reduce tetrazolium) and S. faecium 
(organisms that do not reduce tetrazolium) on the skin of 
inoculated turkeys after freezing at —30°C and storing at 
—2 to —10°C. 

Total nos. of 
enterococe) 


Days of per em? 
sampling (median) 


% of total enterococci* 


S. faecalis S faecium 
0 11 

15 

30 

45 

60 


000 
500 
200 


vo 


500 
400 

90 200 
120 100 
150 860 


* Per cent of median count. 


were greater using VRB agar than with LTB-EMB, 
the latter medium combination appeared more useful 
for detecting these bacteria during storage. The in- 
hibitory effect of VRB agar on coliform bacteria has 
been reported by Gunderson and Rose (1948). 
Differential counts of enterococci on the inoculated 
birds (Fig. 4, Table 4) indicated that organisms re- 
ducing tetrazolium (S. faecalis) and those not re- 
ducing tetrazolium (S. faecium) did not differ ap- 


No. organisms per cm? 


io" 


5 30 45 60 120 150 
Doys 
Fig. 3. Effect of freezing at —30°C and storing at —2 to 
—10°C on enterococci and coliform organisms on the skin of 


inoculated turkeys. AD-EVA—azide dextrose broth-—ethy! 
violet azide broth; TA—thallous acetate tetrazolium agar; 
NGA—nutrient gelatin agar; LTB-EMB—lauryl tryptose 
broth—eosin methylene blue agar; VRB—violet red bile agar. 


31.3 68.7 
31.3 58.7 
26.4 73.6 
ne 8.4 91.6 
‘a 
5 
10 
AD-EVA 
\ 
\ 
NGA 
10* 
ak 
3 
x 
3 
LTB-EMB 
\-VRB 
102 F \ 
\ 
lo! 
\ 
oe 
10° 
\ 
| 
4 
| 


ENTEROCOCCI AND COLIFORMS ON POULTRY 291 


Table 5. Effect of freezing at —30°C and storing at —2°C to —10°C on enterococci, coliforms, and total aerobes on the skin 


of uninoculated turkeys. 


Enterococci* 


TA AD-EVA 
Days of 


sampling Median Range ‘ Median» Median” 


TA (thallous acetate tetrazolium agar); AD-EVA (azide dextrose broth 
(lauryl tryptose broth and eosin methylene blue agar); NGA (nutrient 0.4% 


Number/cm? 
> Median of 8 determinations 
© Zero (0) count indicates that no organisms were found in the 10 


preciably in ability to withstand freezing during the 
first three months of storage. After 5 months, how- 
ever, the ratio of tetrazolium reducing to non- 
reducing cells was approximately 1: 10. 

Initial counts of enterococci and of coliform or- 
ganisms present on uninoculated turkeys were small 
and quantitatively comparable (Table 5). With the 
uninoculated birds, 9% of the initial enterococcal 
load could be recovered after storing for 30 days, and 
2-3% after 3—5 months of storage. Counts on TA 
agar were often greater than corresponding AD-EVA 
counts, but enterococci were frequently detected with 
the latter medium combination while none were found 
on TA agar. Rarely were any coliforms detected after 
storing and so comparative quantitative effects of 
prolonged freezer storage on these two kinds of bac- 
teria could not be studied adequately. Studies of 
other foods by Burton (1949), Larkin et al. (1955), 
and Kereluk and Gunderson (1959) have similarly 
shown that enterococci possess greater ability to sur- 
vive freezer storage than do coliforms. 

Two per cent of the initial total aerobic load on 


\ 


\e S. faecium 


S. faecalis 


No. organisms per cm? 
ro) 


ie) 5 30 45 60 90 120 150 
Doys 
Fig. 4. Effect of freezing at —30°C and storing at —2° to 
—10°C on S. faecalis (organisms that reduced tetrazolium) and 
S. faecium (organisms that did not reduce tetrazolium) on the 
skin of inoculated turkeys. 


Coliforms * Total aerobes * 


VRB LTB-EMB NGA 


Range Median» Range‘ Median » Range* 


4.9 14,000 6,700—39,200 
0 ) 290 ,000 
500 ,000 
0 5 1,600 . - ,200 
0 11,900 870—42,900 
660 § 2,000 
210 
160 3— 6,500 


and ethy! violet azide broth); VRB (violet red bile agar); LTB-EMB 
gelatin agar) 


dilution 


uninoculated turkeys was recovered after freezing 
and storing for 15 days. Counts increased between 
the 45th and 60th day of storage but the reason for 
this unexpected rise in population is unknown. By 
the 90th day of storage the total aerobic count again 
showed a decrease which continued at a relatively 
slow rate during further storage. If a comparison is 
made of the median numbers of total aerobes and 
enterococci recovered from frozen turkeys, it may be 
seen (Table 5) that the contamination by fecal 
streptococci is approximately of the order 1: 1000. A 
similar relationship between coliforms and total num- 
bers of cells cannot be demonstrated. It appears, 
then, that enterococcal resistance to freezing makes 
these organisms useful indicators of the sanitation of 
frozen poultry. 
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SUMMARY 


Several factors influencing tenderness of poultry meat 
are discussed. Shear values of breast meat are reported as 
affected by cooking before freezing, gamma irradiation, 
and anesthetization before slaughter. Cooking before 
freezing aud gamma irradiation of adequately aged poul- 
try exert only minor effects, which appear to be non- 
additive. 

The use of nembutal as an anesthetizer (to reduce 
bruising in getting chickens onto the killing shackles) 
significantly extends the period of maximum toughness 
as determined by shear values of cooked breast muscle. 
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the Department of Defense. 
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Wirn ANY DISCUSSION of tender- 
ness of food products, the method for evaluation be- 
comes important. Many factors are reported to have 
no effect on tenderness, but with refinements in pro- 
cedures, differences can be detected. Differences of 
such magnitude, however, are usually not of commer- 
cial importance. Even so, if several of the lesser 
effects are allowed to exert themselves simultaneously 
the net result can be consumer complaints about a 
commercially prepared product. The meat-tenderness 
measuring devices are the Warner-Bratzler ( Bratzler, 
1932) and the Kramer shear press (Dodge and Stadel- 
man, 1960). The two instruments measure resistance 
to shear. Deatherage and Garnatz (1952) pointed out 
that the terms ‘‘shear strength’’ and ‘‘tenderness’’ of 
meat should not be used synonymously. Direet com- 
parisons of tabular values cannot be made between 
laboratories, but trends can be compared. 

Stewart ef al. (1945) reported on the effects of 
aging and freezing on tenderness of poultry meat. In 
1956 Stewart summarized factors associated with ten- 


bc 
4 
] 
¥ 
| 
By, 
of 
‘ 
4 4 
{ 
q 
3 
: 
4 
am 
a 
. 
at 
as 
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DIAMOND CRYSTAL FLAKE-TYPE SALTS 


@ Uniformly 99.95% Pure 
e@ Uniform in the size and grain you need—EVERY TIME 


That’s Diamond Crystal Flake-type Salts made 
by the exclusive Alberger process. Flake-like crystals 
of extremely high purity and precision screening pro- 
vide a wide range of sizes to meet all requirements. 


Diamond Crystal Flake-type Salts permit ‘‘maxi- 
mum salting”’ for best flavor development without 
the bitterness that is imparted by ordinary salt 
containing appreciable amounts of calcium, mag- 
nesium and metallic impurities. Diamond Crystal’s 
high purity combats the danger of costly spoilage, 


helps prevent “off flavoring’? and protects and 
enhances the quality of your product. A less pure 
salt could form unappetizing scums and discolora- 
tions on vegetables, or stimulate oxidative rancidity 
in foods containing fats and oils. All these factors 
give Diamond Crystal Flake-type Salts a measur- 
able margin of superiority over ordinary granular 
type salts. 


Diamond Crystal’s staff of trained food spe- 
cialists will assist you in selecting the proper 
flake-type salt for your product. Learn exactly how 
these features can benefit you. Call or write the 
nearest Diamond Crystal sales office. 


ae Diamond Crystal Salt Company 


ST. CLAIR, MICHIGAN 


PLANTS: AKRON. OHIO; JEFFERSON ISLAND, LA.: ST. CLAIR, MICH. 
SALES OFFICES: AKRON * ATLANTA * BOSTON * CHARLOTTE * CHICAGO 
DETROIT * LOUISVILLE * MINNEAPOLIS * NEW ORLEANS * NEW YORK 
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ON FOOD AND COLOR ADDITIVES? 


Keep up-to-date easily on thousands of U.S. Government actions regu- 
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Federal Register references on official actions concerning food and 
color additives. 5 volumes, 2,500 loose-leaf pages. Cost : $150 for Direc- 
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Hazleton Laboratories, Inc. and Information for Industry, Ine. 


Order your Food and 
Color Additives Directory from 
INFORMATION FOR INDUSTRY, INC., 


Dept. F, 1000 Connecticut Ave., N. W., 
Washington 6, D. C. 
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derness of poultry meat. Each of the factors he listed 
are still important considerations in the production of 
tender poultry meat. Many of the items have since 
been studied extensively, establishing quantitative 
values. The effects of the processing factors scalding, 
picking, and aging on tenderness of chicken and tur- 
key were reported by Pool et al. (1959) and Klose 
et al. (1959). Dodge and Stadelman (1959) investi- 
gated the effect of various post-mortem aging times, 
temperatures, and media on tenderness of breast 
muscles of chicken and turkeys. Quantitative values 
for each of these factors were reported, with aging 
time exerting the greatest effect on shear values. 

DeFremery and Pool (1959) gave data extending 
the observation that irradiation before resolution of 
rigor resulted in meat less tender than that irradiated 
after rigor had been resolved. 

Visser et al. (1960) recently reported that degree of 
doneness of beef was not appreciably important to the 
shear value for a sample of the muscle. Unpublished 
data of this laboratory indicate that, within the range 
from slightly cooked to done, the same is true for 
chicken. The effect of overcooking on chicken tender- 
ness is not known. As this area is investigated fur- 
ther, additional factors affecting tenderness will 
undoubtedly be found. An attempt is made to list 
available data that have quantified values as to effect 
on tenderness of poultry meat. 

The effects of age, sex, and hormones on shear 
values were reported by Wesley et al. (1958). Quan- 
titative data on the effects of scald time and tempera- 
ture show good agreement among several workers 
(Klose et al., 1959; Pool et al., 1959: Shannon ef al., 
1957: Wise, 1957: Wise and Stadelman, 1959). From 
these reports, the magnitude of the effect of age, sex, 
hormones, or scalding are relatively small under com- 
mercial processing conditions. Of much greater mag- 
nitude is the effect of aging time of meat before 
cooking. The effect of aging time was reported by 
Pool et al. (1959) and Dodge and Stadelman (1959) 
for chicken, and for turkey by Dodge and Stadelman 
(1959) and Klose et al. (1959). 

The effects of cooking or partial cooking before 
freezing, gamma irradiation, and pentobarbital so- 
dium immobilization before slaughter on shear values 
of chicken meat are discussed herein. 


PROCEDURE 


The first study investigated the effect of cooking or partial 
cooking before freezing. Chilled (4°C) and 24-hour-aged 
chicken fryer breasts were heated 1% min in a microwave 
range that gave interna! temperatures of about 68°C without 
eausing sufficient heating of the surface to give any semblance 
of cooked meat. Similar meat was heated 6 min in steam at 
atmospheric pressure. A third group of samples was heated 12 
min in steam. The 6 minutes of steam did not completely cook 
even the surface muscle layers, whereas the 12 minutes resulted 
in complete cooking. A fourth group of samples was heated 7 
min in an oil bath at 163°C. A fifth group was given 2 min in 
the hot oil bath and then 4 min in the microwave range. A 
sixth group was given 5 min in the microwave range. A seventh 
group was not heated. Microwave heating time for individual 
breasts was the time of continuous exposure to microwaves. 

Each breast was labeled, packaged in an air-tight container, 
and frozen in a still-air freezer at —20°C. The packages were 


held at this freezing temperature for 1-3 weeks. Just before 
evaluation the packages were thawed 6 hr at room temperature 
and then cooked or warmed in aluminum foil in an oven. 
Groups 1, 2, and 7 were heated 2% hr at 163°C, and the other 
groups for 1 hr. The breasts were cooled to 4°C and then 
evaluated for tenderness with a Kramer shear press as de- 
scribed by Dodge and Stadelman (1960). 

A second study investigated the effects of irradiation on 
tenderness of chicken breast meat. This meat was from the 
same group of fryers as in experiment 1, given the same heat 
treatments at the same time, and, after freezing, was taken to 
a spent-fuel-rod irradiation site and given 1, 3, or 5 megarad 
of gamma irradiation. Subsequent handling was as in experi- 
ment 1, 

The third experiment investigated how anesthetizing chickens 
before slaughter affected rate of onset and resolution of rigor 
as determined by shear values of cooked breast muscle. The 
anesthetizing agent, pentobarbital sodium (more commonly 
known as nembutal) was administered orally (1.1 grains per 
lb body weight) 1144-3% hr before slaughter. The variation in 
time appeared not to affect the aging of the meat. Each bird 
was cooked 11 min in an electric deep-fat fry at 163°C. Evalu- 
ation was by the procedure described by Dodge and Stadelman 
(1959). 


RESULTS AND DISCUSSION 


Table 1 lists (col. 1) the shear evaluations in the 
first study. Whereas the shear values for all products 
are in the range considered tender, the birds given 


Table 1. Effect of cooking or partial heating before freezing 
and gamma irradiation on shear value of chicken meat (each 
value the average of 5 replications). 


Shear values* at 4 irradiation levels 
(megarads) 


Heat treatment before freezing 


or irradiation 0 1 3 5 
1% min microwave 7.6 8.5 10.5 11.7 
6 min steam 11.7 11. 14.1 11.0 
12 min steam 10.3 16.1 13.4 12.6 
7 min deep-fat fry 12.5 9.7 12.1 11.7 
2 min fat; 5 min microwave 14.5 15.9 11.4 14.9 
5 min microwave 12.4 13.8 13.1 13.1 
None A 4.3 12.7 10.0 


“lb per g of meat 


114-min microwave heat and the unheated controls 
are statistically significantly different from the birds 
given all other heat treatments. Microwave heat had 
minimal effect on the surface layers of the breast 
muscle, being much less than from other methods of 
heating. Surface layers to a depth of about 3 mm 
were used to evaluate tenderness. 

To assure maximum tenderness, great care was given 
to assure proper scald time and temperature (60°C 
for 40 sec) (Pool et al., 1959), picking (minimum 
time to remove feathers in a tumble picker) (Visser 
et al., 1960), and aging time (24 hr in ice and water) 
(deFremery and Pool, 1960; Dodge and Stadelman, 
1960). The results suggest that further work is needed 
to determine if the differences observed are additive 
to other factors listed as increasing shear values. 

Table 1 also summarizes the results of the second 
experiment. As can be seen, the increase in shear 
values on uncooked or 114-min microwave-heated 
chicken meat is 2-3 units, whereas on completely 
cooked chicken the increase is negligible when com- 
paring 0 and 5 megarad irradiation. With no irradi- 
ation, the values for no heating and 114-min micro- 
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wave heating are significantly lower (P < .05) than 
all other values. With 5-megarad gamma irradiation, 
no statistically significant differences are present 
among shear values. The differences between 0 and 
5-megarad irradiation were different (P < .05) for 
no heating and 11%4-min microwave heating. Other 
differences were not significant. This indicates that 
changes in shear values from cooking method before 
freezing and changes attributable to irradiation dose 
are of a similar nature and are non-additive. This 
theory most certainly applies at least up to the total 
maximum shear value, which in those studies was still 
in a range to be judged as tender. These observations 
agree with those of deFremery and Pool (1960) indi- 
eating that gamma-ray effect is similar to that of beta 
ray from a linear accelerator. The differences were 
similar in magnitude, but the differences listed in that 
publication were statistically significant (P < .05) 
although a 25-hour aging with beta rays at a 2-mega- 
rad level did not inerease shear values significantly 
(>0.2). Our different results might be explained on 
the basis of the higher doses, 3 and 5 megarad. To the 
extent that one can rely on the dosimetry involved, 
the greater penetrating power of the gamma rays 
should have no important effect on the caleulated total 
dosages. 

Table 2 summarizes observations in the third ex- 
periment. It appears that 12 minutes after slaughter 


Table 2. Effeet of nembutal and aging time on shear values 
of chicken meat (each value av of 6 half-birds). 
Shear values (lb/g¢ of meat) 


Nembutal 
(1.1 grain/Ib) 


Aging No 
time (min) nembutal 


to 


the control birds had reached near-maximum tough- 
ness as indicated by shear values. From that point on, 
shear-force values declined. With the nembutal- 
treated birds, maximum toughness appeared to extend 
over a rather long period, with no sharp peak. Values 
were rather constant between 36 min and 6 hr, and 
not until 12 hours post-mortem was there evidence of 
tenderization. Serious thought may be needed about 
changes in processing procedures, particularly meth- 
ods of humane slaughter, for they might affect the 
aging times needed for acceptable tenderness. 

A major problem in investigating tenderness is to 
keep conditions uniform so as to reduce bird-to-bird 
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fluctuation in shear values. Progress has been made, 
but rather wide variations still oceur in some studies. 
This suggests there are factors influencing tenderness 
of chicken meat that are still unrecognized. 

The factors affecting tenderness would most likely 
be of different magnitude for each processing plant. 
The factor of greatest importance under any particu- 
lar condition would be the one not being controlled. 
From an experimental standpoint, however, aging 
time is of first importance, and aging temperature 
and any immediate ante-mortem treatment that might 
affect aging rate would be of second magnitude of 
importance. Extremes of scalding time and tempera- 
ture would rank rather high, and extremes in picking 
time and severity of beating with heavy or stiff rub- 
ber fingers would also rate rather high. Classified as 
rather minor would be effects attributable to cooking 
before freezing, irradiation, age, sex, and hormones. 
The effect of irradiation, if carried out before aging, 
is not minor. Irradiation of adequately aged meat 
apparently has a minor effect. 
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Air-Washed Residual Methyl Bromide from 


Fumigation Chambers 


Manuscript received January 27, 196! 


SUMMARY 

The possibility of using residual methyl bromide left 
after exposure in fumatoria for more fumigations in sub- 
sequent fumatoria was demonstrated. Use of the air-washing 
technique to obtain more fumigant concentration in the 
atmosphere of the next fumatorium in the series proved 
advantageous. In the 24-hours exposure series, the residual 
concentrations in air were low because of prolonged sorp- 
tion by the commodities, so not more than two fumigations 
could be attempted, whereas in the varied-exposure series 3 
fumigations could be attempted with the initial dose of 32 
mg/L, stretching over an integrated exposure period of 27 
hr with 100% mortalities of the test insects. 


BROMIDE is finding in- 
creasing application as a fumigant of stored products 
since its first use, in France, by Le Gouril (1932). 
Brown (1959) and Cotton (1958) enumerated its 
manifold advantages over other fumigants, such as 
high toxicity to insects at low doses and short ex- 
posures, high penetrability into commodities, low 
residues, quick aeration, and lack of fire hazard. 

Among the various techniques of fumigation with 
methyl bromide, some form of vacuum fumigation 
(Brown, 1958) is the obvious choice for quarantine 
and food and packing establishments, 
where time, ease of handling, and safety are major 
factors to be considered. Economy in any phase of 
operation would be welcome. 


processing 


In a preliminary assessment at the Institute of 
fumigation with methyl bromide, considerable 
amounts of post-exposure fumigant were held in the 
atmosphere of the fumigation chambers. A survey of 
the post-exposure concentrations of methyl bromide 
in warehouses and fumatoria was therefore carried 
out. The results are in Table 1. The data show the air 
concentrations of methyl bromide under various con- 
ditions of fumigation. These indicated the possibility 
of using this residual fumigant for further use. It 
appeared possible if the concentration-time (CT) 
product required for mortality of insect pests could 
be achieved (Brown, 1959). This could be achieved 
either by increasing exposure time or by replenishing 
the fumigant to the required level. In vacuum tech- 
niques, the practice of ‘‘air-washing’’ also contributes 
to this spent fumigant, and at reduced pressures the 
release of residual fumigant absorbed by the ma- 
terials is also fairly high (Brown, 1958). Investiga- 
tions of the above thesis form the subject of this 
paper. 
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EXPERIMENTAL 


Fumatoria. The first set of experiments was carried out in 
11-L-eapacity (inclusive of the lid desiceators fitted 
with two capillary stopeocks, one just reaching the bottom but 
not touching it, and the other opening % in. below the stopper. 
The second set of fumigations were done in 50-L mild steel 


vacuum 


cylinders provided with three sampling points, with capillary 
stopeocks at the top, middle, and bottom positions (Fig. 1). A 
vacuum line provided with gauges was connected to the serial 
fumigation battery. 

Dose of fumigant. Methyl bromide containing 
picrin (May & Baker, Ltd., Bombay 
The conventional dose for vacuum fumigation used by 


2% chloro- 
was used in all the trials. 
several 
workers varies between 30-60 mg/L, depending on the material, 
temperature, package, infestation, and hours of exposure (Cot- 
ton, 1956; Monro and King, 1954 In the present study a 
working of 32 mg employed for assessing the 
applicability of the residual fumigant for serial fumigations. 


dose L was 


Table 1. Space concentrations of methyl bromide (MB) 


under various fumigation conditions. 


Gas loss* 


Free (% ) 
Dose Expo- space and re- 
applied sure (mg use possi 
Fumatorium and load (mg/L) If hr) L) bility” 
Desiccator 
Tapioca macaroni®* in 250 
gauge sealed polyethylene 
bag $3.0 86.0 18 29.0 
7.0 36.0 24 31.0 10.0Y 
MPF 4 (unseasoned ) 48.0 24 1.0 98.0N 
MPF (seasoned) 48.0 77 45 1.4 97.0N 
Spices 32.0 48 $1.27 0.1Y¥ 
Autoclave 
MPF 32.0 79.86 18 8.5 73.0¥ 
Wheat, Jowar & rice 32.0 77 24 20.5 35.9Y 
MPF 32.0 48 3.0 91.0N 
Wheat macaroni 32.0 75.0 24 11.0 67.0¥ 
Cashew nuts 32.0 48 0.5 9R.0N 
Mild steel cylinder 
Jowar $2.0 82.85 24 11.0 67.0Y 
Wheat semolina 48.0 75-77 24 26.0 46.0Y 
Aluminum vault 
Macaroni (21 cases) and 
groundnut flour (2 bags) 59.0 89.0 13 20.0 66.0Y 
Macaroni (19 cases) in heat 
sealed polyethylene bags 56.0 83-87 43 40.0 46.0Y 
PVC fabric tent 
Wheat semolina (9 bags) 64.0 45 38.0 41.0Y 
Terraced brick & mortar 
Pulses (900 bags) 90 77-79 96 5.0 37.5Y 
Pulses (350 bags) 16.0 120 1.0 94N 
Pulses (174 bags) 16.0 120 10.5 B4Y 
Pulses (631 bags) 16.0 45 1.0 94N 
* Methyl bromide losses through sorption, leakage, etc 
>Y, yes: N, no 
© 60 parts tapioca, 25 parts wheat semolina, 15 parts groundnut 
cake flour (5—6% oil). 
4 Multi-purpose food: 75 parts defatted groundnut flour; 25 parts 
roasted Bengal gram flour; fortified with vitamins and minerals. 


Seasoned MPF has added spices and salt 

These fumigations were carried out 
ethylene dibromide and methy! bromide 
expressed as methyl bromide. 


mixture of 
here are 


with 1:1 (w 
The values 


w) 
given 
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Fig. 1. Fumigation columns connected in series. A) fumi- 
gant applicator; B) insect exposure tubes; C) vacuum gauge; 
D) MeLeod gauge; E) vacuum pump. 


Technique of fumigation. The first fumatoria in the series 
were evacuated, The fumigant as a liquid was measured with 
a microburette into a two-way stainless-steel applicator in a 
refrigerated room maintained at 10°F, brought to room tem- 
perature, and administered at the top position of the fuma 
torium under partial vacuum, Atmospheric pressure was re 
stored by flushing air through the two-way fumigant applicator 
by the teehnique deseribed by Brown and Heuser (1953a). 
The exposure period was 24 hr in the constant exposure series, 
whereas in the varied-exposure series the fumigation period 
ended when the mortality of the test insect was noted (Table 
3). The knockdown effeets were characterized by their falling 
on their backs, immobility of appendages, and absence of any 
response to light stimulus. 

At the end of the exposure periods, all the second fumatoria 
in the series were evacuated to 10 mm absolute and the vacuum 
broken by sucking the fumigant-air mixture from the bottom 
portion of the first fumatoria, It was similar to the air 
washing process described by several workers (Brown, 1958; 
Brown and Heuser, 1953b; Monro and King, 1954), except 
that the residual fumigant was flushed into the next fumatorium 


for further use instead of being expelled to the atmosphere. 
The subsequent fumatoria were similarly air-washed after each 
exposure into the next in the series until sufficient fumigant 
concentrations were available. 

Test insects. Tribolium castaneum (Hbst.) adults about 
3-4 weeks old, reared on wheat semolina at 80°F and 68% RH, 
were used as test insects. Mortalities of test inseets could be 
noted in the case of glass desiccators but not in mild steel 
fumatoria. Hence the test insects were placed in glass insect 
exposure tubes and left in communication with the fumatoria 
during treatment (Fig. 1). This provided a satisfactory ‘‘ win 
dow’’ for observation. 

Analyses. Gas samples were drawn at the culmination of each 
exposure period by the evacuated flask method and analyzed by 
the method of Stenger et al. (1939), monoethanolamine being 
the dehalogenating agent. The availability of fumigant from 
the fumatorium for reuse after the exposure period was 
assessed. 

The fumigation operations, gas analyses, and mortality 
counts of test inseets were carried out in both empty and 
loaded fumatoria at room temperature (25 + 1°C), with three 
replicates in each test. The load, different types of infested 
food materials carrying adults and immature stages of insects 
(Table 2), filled 4% of the space in the fumatoria. The mor- 
tality counts in the commodities were made 4 days after fumi- 
gation, and the samples were kept for incubation at 31°C and 
70% RH to assess the mortality of immature stages. The 


Table 2. Commodities and insect infestation. 
Insect species 


Oryzaephilus surinamensis L 
Ephestia cautella Wik. 

O. surniname nsis 

O. surninamensis 

Tribolium castaneum Herbst 

Ephestia cautella Wik. 

Dates (dessert variety) O. surninamensis 

Figs (dried) O. surninamensis 

Dates (dried) . surninamensis 

castaneum 

. surnina me 

castaneum 

). cautella 

. surninamensis 

. surninamensis 


Dry fruits and nuts 
Almonds (shelled) 
Apricots 
Cashew kernels 


Groundnut kernels 
Pistachio (shelled ) 


Processed foods 
Biscuits (Britannia: arrowroot) O. surnina me nsis 
castaneum 
Biscuits (Nutro, based on MPF) O. surniname nais 
Corn flakes O. surninamensis 
Macaroni (tapioca) alandra oryzae |. 
Macaroni (wheat) T. castancum 
Multipurpose food (seasoned) . castaneum 
C.F.T.RA cautella 
Multipurpose food (unseasoned ) Stegobium paniceum LL. 
Prawn (dried) 
Wheat semolina 


Derme stes sp. 
T. castaneum 
Carpophilus hemipterus L. 


Table 3. Fumigation in loaded fumatoria., (Initial concentration of methyl bromide (MB) applied: 32 mg/L.) 


No 
fumigations 
Fumatorium and load in series (hr) 
Glass 
Dry fruits and nuts in polyethylene bags 24 
24 
24 


Macaroni, rice (no packing) 


Mild steel 
Processed foods in polyethylene bags 
held in deal wood boxes 


50 Ib of tapioca macaroni rice packed 
in 200-gauge polyethylene bags 


Exposure 


Cumulative 
% loss of Mortality of 
MB over the test insects 
nominal cone (%) 


Residual MB 
after air- 
washing 
(mg/L) 


MB cone 
at end of 
exposure 
(mg/L) 


23.4 100 
61.9 100 
85.3 100 


46.6 100 

86.5 100 

97. 100 
(48 hours) 


100 
100 
5.3 
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Dorr-Oliver Incorporated 
Stamford, Connecticut 


Attn: D. C. Gillespie, Sales Manager 
We're interested in trying a P-5OA DorrClone on 
our juice transfer lines. 


() Check for $160.00 enclosed 

Bill us and ship 

C) Send more details. We are processing__gpm 


REMOVES SEEDS AND 
SPECKS FROM JUICES 


... Automatically, without 
moving parts ! 


The DorrClone P-50A is a simple, cyclone-type separator that 
may be fitted to any transfer piping system handling several 
of the popular fruit juices. Installation is easier than putting 
in a valve. It operates on the centrifugal principle—feed enter- 
ing the upper section is given a whirling motion that causes 
embryonic seeds, specks and other foreign matter to be thrown 
to the walls of a conical chamber and fall downwards to the 
discharge valve at the bottom while the pure juice flows con- 
tinuously through the top outlet. 

There are no moving parts—pump pressure in the transfer 
line does the work. Unit is sanitary one-piece porcelain con- 
struction — unaffected by fruit acids and cannot impart taste 
or odors. Capacity varies with pressure — from 7% gallons 
per minute at 7.5 psi to 30 GPM at 80 psi. Multiple units can 
be used where higher capacities are required. Underflow con- 
sistency can be regulated by adjusting the discharge valve. 


So simple and low in cost you'll want to order 
one for a trial installation! 


Several well-known processors of citrus and other juices 
have been so impressed with the possibilities offered by the 
P-50A DorrClone that they have ordered and installed units on 
an experimental basis. Results have been so good that repeat 
orders have followed. Units are shipped complete with flanged 
metal collar for mounting purposes and Brewery Hose con- 
nections. Price is $160.00 f.o.b. your plant anywhere in the 
U. S. Use the coupon or send your regular purchase order. 
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Table 4. Bromide residues * (ppm) on materials treated with 
methyl bromide in the serial fumigation technique. 


Il. Ill. 
Fumigation Fumigation Fumigation 
Commodity (initial) (Transfer-1) (Transfer-2 
Dry fruits and nuts 
Almonds (shelled) 14. 
Apricots (dried) 
Cashew kernels (raw) 
Dates (dessert) 
Dates (dried) 
Figs (dried) 
Pistachio 
Raisins 
Groundnut kernels 
(with cuticle) 


Processed foods 
Biscuits (arrowroot) 
Biscuits (Nutro) (CF TRI)» 
Corn flakes 
Macaroni (wheat) (CFTRI) 
Macaroni (tapioca) (CFTRI) 
MPF (unseasoned) (OFTRI) 
MPF (seasoned) (CFTRI) 
Wheat semolina 
Prawns (dried) 
Tapioca macaroni in 
polyethylene 
* Total bromide after deducting corresponding control values 
» Central Food Technological Research Institute. 
© Varied exposures; all others were constant exposures. 


fumigant residues in the samples (Table 4) were determined 
by the method of Young et al. (1943). 


RESULTS AND DISCUSSION 


Fig. 2 shows the residual methyl bromide concen- 
trations in glass and metal fumatoria at the end of the 
exposure periods in each serial fumigation attempted. 


The data showed that, in empty glass desiceators, 
the air-washed residual fumigant could be re- 
employed for five more fumigations after the initial 
fumigation at 32 mg/L. Death of some 7. castaneum 
adults was obtained in even the fifth transfer. The 


Glass 

Metel 
Constant 
exposures 
Varied 
exposures 


Concentration of Methyl Bromide Mg/litre. 


2 3 4 6 6 
Number of fumigations in series 


Fig. 2. Residual fumigant coneentrations after each e 


posure in glass and metal fumatoria. 


concentration fell to 2.7 mg/L and 4.5 mg/L in the 
constant and varied exposure batches, respectively, 
at the end of sixth fumigation. Sorption of the fumi- 
gant on the wall was comparatively greater in empty 
metal cylinders and 5 serial fumigations could be 
attempted with benefit. The concentration of methyl 
bromide in the final fumigation was 3.1 mg/L and 
4 mg/L in the constant and varied exposure batches, 
respectively, which did not warrant further use. The 
loss from sorption on the wall of the fumatorium 
would have reduced the concentration in air below 
the level required for mortality of the test insects. 

With load (Table 3) in the 24-hour exposure series 
in desiceators the residual fumigant could be cireu- 
lated only twice again, making a total of 3 fumigations 
with a starting nominal dose of 32 mg/L. A load of 
macaroni rice was found to sorb more fumigant than 
a load of dry fruits and nuts, and the exposure had 
to be prolonged to 48 hours in the third transfer to 
get the required CT product for a 100% mortality of 
Calandra oryzae (Bréwn, 1959) adults. 

In metal fumatoria with a load of processed cereal 
foods, groundnut kernels and raisins in heat-sealed 
200-gauge polyethylene bags packed in dealwood 
eases (to simulate commercial packaging) there was 
a very serious depletion of methyl bromide concen- 
tration in the 3rd fumigation in the series. The insect 
mortality was incomplete because of a lowered CT 
product. Brown (1959) reported: ‘‘For practical 
purposes, it seems to be unimportant whether these 
values (lethal concentration-time products) are ob- 
tained by a high concentration for a short time or a 
lower concentration for a correspondingly longer time 
so long as the concentration is greater than 2 mg/ 
Litre. There is some evidence that, at very low con- 
centrations of 2 mg per litre or less, these CT products 
would not be sufficient.’’ 

The shorter exposure periods, on the other hand, 
not only gave the required CT product but also pro- 
vided enough residual fumigant in the atmosphere for 
reuse (Fig. 3, Table 3) in three successive fumigations. 

In the test with loaded fumatoria consisting of 50 
lb of tapioca macaroni rice packed in heat-sealed 200- 
gauge polyethylene bags, 3 fumigations could be at- 
tempted with the starting concentrations of 32 mg/L 
(based on empty vault volume), getting 100% mor- 
tality of the test insects (C. oryzae and T. castaneum) 
throughout. The residual concentrations of methyl] 
bromide in the air samples of the first fumatoria were 
quite high (Table 3), even after air-washing and 
transferring to the second fumatoria in the serial 
fumigation batteries. The reason was progressive re- 
lease of the sorbed fumigant by the commodities. This 
observation has also been reported by other workers 
(Brown and Heuser, 1953b). However, in spite of 
these cumulative losses to sorption by the load of the 
sequential fumatoria, reuse value was demonstrated 
for further fumigation of the residual fumigant after 
the exposure period under the conditions of the 
technique. In a tall column during the exposure 
period, methyl bromide descends toward the bottom 
in the absence of a circulatory system; it is therefore 
advantageous to suck the fumigant-air mixture from 
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the bottom portion of the fumatorium into the 2nd 
fumatorium in the series, as deseribed. As air is 
sucked from the top portion to restore the atmos- 
pheric pressure during the air-washing of the fumi- 
gated cylinder, more and more fumigant is drained 
into the subsequent fumatorium. 


ay 


me 


20 


@—e—e VARIED EXPOSURES 
COKSTaNT EXPOSURES 


Fig. 4. A pilot-seale installation depicting serial fumigation. 
A) gas eylinder; B) suetion line with siliea-gel absorber; C) 
vacuum gauges. 


fumigated with methyl bromide, was not so apparent 
in the samples treated by the serial fumigation tech- 
nique, Air-washings probably play a part in re- 
moving the characteristic volatile fumigant reaction 
products constituting the odor (Winteringham ef al., 
1955). This aspect is being studied in detail. The 
bromide residues were well within the permissible 
safe limits preseribed in the U.S.A. and Canada 
(Majumder, 1960). 


Concentration of ethyl Bromide Mg./litre 


4 


i 2 3 4 
Number of funigations in series. 

Fig. 3. Residual fumigant concentrations after each ex- 
posure in metal fumatoria with load. 
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Bromide residues in the commodities. The values 
given in Table 4 represent the average of three de- 
terminations. There was steady reduction in the resi- 
due values as the methyl bromide concentrations 
registered progressive reduction in the serial fumiga- 
tions. Cashew kernels and pistachio showed high resi- 
dues, and dried prawns also gave a high figure (84 
ppm). The reaction of methyl bromide with the 
proteins of the prawn, and the fat and proteins of 
cashew kernels and pistachio may be responsible for 
high bromide residues resulting from the fumigation. 
This aspect needs further study. 
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Evaluation of Color in Sweet Potato Puree with the 
Hunter Color Difference Meter ° 


SUMMARY 

A wide range of colors was obtained by blending together 
puree produced from several varieties of sweet potatoes. 
A multiple correlation coefficient of 0.942 was obtained 
when Hunter Color Difference Meter readings of a and b 
were correlated with beta carotene content of the blended 
sweet potato purees. Hunter Rd as one of the independent 
variables did not contribute essentially to the efficiency of 
the unit in predicting carotene. The correlation between 
beta carotene content and subjective color scores was highly 
significant; however, the correlation coefficient was only 
0.662, perhaps because the discoloration that occurred 
tended to darken the puree and mask the color of caro- 
tene present. Correlation coefficient was 0.894 between 
subjective color scores and Hunter a and b values when 
a and b were used as the independent variables in a mul- 
tiple regression equation. Hunter Rd in the multiple re- 
gression equation did not significantly improve prediction 
of the color score. Based on the Munsell system, the varia- 
tion in color appeared to be due primarily to changes in 
hue and, to a lesser degree, to chroma. There was little 
change in Munsell value and chroma over the whole range 
of colors. 


Tue COLOR of sweet potato puree 
contributes greatly to its acceptance as a food product. 
The material in sweet potatoes that is primarily re- 
sponsible for its orange color is beta carotene ( Willis, 
1955). Pigment analysis for determining color in 
processed sweet potato products is relatively slow and 
often inadequate. Under certain conditions the re- 
sults of pigment analysis may not correlate well with 
a subjective color evaluation. The lack of correlation 
is generally attributed to oxidative reactions that 
darken the tissue without greatly affecting the amount 
of pigment present (Scott ef al., 1944). A reliable 
and rapid objective method for determining and 
expressing the color of sweet potate puree would be 
beneficial in evaluating and standardizing the color 
of the finished product. 

Color may be expressed by many systems (Judd, 
1952). Two systematic and often used methods for 
expressing color are the International Commission on 
IIlumination (ICI) tristimulus values of X, Y, Z, 
and the Munsell notations of hue, value, and chroma 
(Judd, 1952; Newhall et al., 1943). Broadly speak- 
ing, the Color Difference Meter expresses color in 
terms of Rd or L (lightness), a (redness), and b 
(yellowness ). 

The Hunter Color Difference Meter has proved 
effective in evaluating the color of many products 
“Contribution from the Horticulture Department, North 
Carolina Agricultural Experiment Station, Raleigh, North Caro 
lina, Published with the approval of the Director of Research 
as Paper No. 1255 of the Journal Series. 


Maurice W. Hoover and 
D. D. Mason 
North Carolina State College, Raleigh 


(Judd, 1952; Younkin, 1950). The present study is 
concerned with specifying sweet potato puree color 
with the Hunter Color Difference Meter, and corre- 
lating these specifications with beta carotene and sub- 
jective color ratings, and their relationships with 
respect to the ICI and Munsell color systems. 


MATERIALS AND METHODS 


A range of colors was obtained by blending together, in 
varying proportions by weight, puree from eight varieties of 
sweet potatoes: Porto Rico, Goldrush, Earlyport, Kandee, 
Georgia Red, Nuggett, breeding line 63 x 94-51, and an un- 
known white-fleshed variety 

Roots were peeled in boiling 10-15% lye 7 min, rinsed, 
trimmed, cut into 114-in. pieces, and cooked 30 min in steam at 
atmospherie pressure. The solids of the cooked potatoes were 
adjusted to approximately 20% with hot water, and pulped in 
a Langsenkamp pulper. The freshly pulped puree was filled 
into No, 2 cans and cooked 60 min at 240°F under pressure. 

Blends of the canned puree were prepared by mixing various 
weighed proportions from the different varieties in a Mix 
master, operated at a slow speed so as to incorporate as little 
air as possible. Color evaluations of the blended samples con 
taining 20% solids were made immediately with the Hunter 
Color Difference Meter using the Rd cireuit standardized with 
a dark-yellow standard with an Rd value of 55.6, a +1.6, and 
b +50.3. The Hunter Color Meter readings of Rd, a, and b 
were converted to ICI (X, Y, Z) values by the following 
formula (Judd, 1952 


LOOY 
175fy (102 X — Y) 
70fy (Y 0.8472 


21 + 20¥ 
In which fy 0.51 1+ 20Y 


Munsell notations were determined from the ICI values by 
the method described by Newhall et al. (1943). So the Mun 
sell notations could be more easily handled statistically, the 
numerical system of 0-100 was used to designate hue (Fig. 1) 
rather than the descriptive designation generally used (Niecker 
son, 1946). 


m of expressing Munsell hue as used in this 


study. 


Twenty-five-gram portions of the puree containing 20% 
solids were used for making beta carotene determinations by 
the procedure described by O’Conner et al. (1946). 

Subjective color evaluations were made by a panel of four. 
Color preference ratings were expressed on a basis of 1-10, 
with 10 indieating the best possible seore. 

Linear, curvilinear, and multiple regression and correlation 
techniques were used in evaluating the Hunter Color Difference 
Meter as a tool for predicting color and carotene content of 
sweet potato puree. 
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Table 1. Color specifications for 24 randomly selected sweet potato puree blends adjusted to 20% solids." 


Hunter readings Color rating 
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Carotene content 


be 


Munsell notations IOI tristimulus 
Pre 


dicted Hue4 Chroma x Yy 


Value 


ppm 


-2996 
.2968 2620 
.2907 2540 
.2610 
.2926 .2520 
.2967 

.2905 

BO15 0447 
.2916 0442 
3071 26 0432 
3015 0446 
0434 
3050 434 
.2926 0446 
.3030 441 
3020 0436 
0418 
.2956 0453 
0449 
3046 0448 
.2988 0455 
0445 
.2979 0452 
0444 


0456 
.0443 
0454 
0453 
0451 
429 
0445 
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10 
10 
10. 
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10 
10 
10. 
10. 
10. 
10 
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* Samples were from sweet potatoes of the Goldrush, Earlyport, Kandee, Porto Rico, and a highly colored breeding line. 


» Equation No. 2 of Table 2 used to predict color 
* Equation No. 2 of Table 3 used to predict carotene content. 


4 See Fig. 1 for method of converting from numerical to descriptive hue 


RESULTS AND DISCUSSION 


Subjective color. When all three Hunter Color Dif- 
ference Meter values of a, b, and Rd were correlated 
with subjective color preference scores, a correlation 
coefficient of 0.898 was obtained accounting for 81% 
of the variation (Tables 1, 2). When Rd was deleted 
as a third independent variable in the multiple re- 
gression equation, leaving the combination of a and b, 
the efficiency of the Hunter Color Difference Meter in 
predicting color score declined only slightly (correla- 
tion coefficient of 0.894). This indicated that using 
Hunter a and b readings together to predict the color 
rating was equal or superior to the other combinations 
of a, b, or Rd (Table 2). The contribution of Hunter 
a to the prediction of subjective color rating was 
greater than that of b in the regression equation. 
However, Hunter a used alone was not as good as the 
combination of a and b together. Other workers have 
used a/b as a means of expressing color ratings of 
agricultural produets (Younkin, 1950). Preliminary 
studies indicated that in the evaluation and predie- 
tion of sweet potato puree color, the ratio of a/b was 
not as effective as a used alone. Therefore, no further 
effort was made to use a/b to predict the color score 
of sweet potato puree. 

Carotene. When Hunter Difference Meter 
values were used to predict beta carotene in sweet 
potato puree, the combination of Hunter a, b, and Rd 


Color 


Table 2. Relationship of subjective color rating (Y) and 
Hunter Color Difference Meter readings (a, b, and Rd) as ex- 
pressed by linear and multiple regression equations. 


Independent Corr 


Equation 
Regression equation coef 


no variables 
15.63 4+ 
0.08Rd 
2 Hunter a and b 3.85 + 0.85a + 0.14b 
8 Hunter a and Rd 4 0.338 + 0.34a + 0.03Rd 
4 Hunter a 1.33 + 0.3384 


1 Hunter a, b, and Rd 0.34a + 0.31b 

0.898 
0.894 
0.887 


as independent variables gave a correlation coefficient 
of 0.942 and accounted for 89% of the variation 
(Table 3). The contributions of a and b were highly 


Table 3. The relationship of beta earotene (Y) in sweet 
potato puree and Hunter Color Difference Meter readings (a, 
b, and Rd) as expressed by linear and multiple regression 
equations, 


Corr. 


Equation Independent 
Regression equation coef 


no variables 
1. Huntera,b,and Rd Y 2.188 + 4.2la — 4.76b4 
0.942 - 
= 3.73 0.942 
— 9.54 + 4.16a 0.931 
= —31.99 + 4.71la 0.914 


Hunter a and b 
Hunter a and Rd 
Hunter a Y 


significant. Rd in the regression equation, on the 
other hand, was nonsignificant, indicating that Rd is 
not necessary in an equation to predict carotene in 
sweet potato puree. This is further borne out by the 
fact that, when Rd was deleted as one of the inde- 
pendent variables, the amount of variation in ecaro- 
tene that could be accounted for by a and b values 
together was also 89%, with a correlation coefficient 
of 0.942. Hunter a reading, used alone as the inde- 
pendent variable in the regression equation, gave a 
correlation coefficient of 0.914, accounting for 84% 
of the variation. 

When puree from two varieties was blended and 
regression equations set up, the correlation between 
Hunter a and carotene content was high for each 
series of blends, in some instances as higi’ as 0.99. 
Correlation was considerably lower, however, when 
the regression equations using Hunter a alone to 
predict carotene for one particular series of blends 
representing two varieties were interchanged between 
other series from different varieties. 

It was observed throughout the study that the 
tendency of puree to discolor was greater for some 
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CITRIC ACID q 
URE 


So many fresh fruits get ‘‘tanginess”’ 
naturally from citric acid! This is 
nature's way of bringing out their 
full flavor. 


Exactly the same kind of tangi- 
ness is insured in your fruit-flavored 
soft drinks, candies, jellies and 
many other products—by Pfizer 
Citric Acid. 


Indeed, Pfizer Citric Acid has 
been a key product to the food 
industry for many years. The words 
“citric acid’’ on countless labels 
have established it as a familiar 
and trusted ingredient. 


Don't gamble on quality and 
consumer acceptance with any- 
thing less than nature's acidulant 
—citric acid! 


How Pfizer Pioneered in 
Production of Citric Acid in America 


While the advantages of citric acid as a food 
ingredient have long been appreciated, the 
supply was at one time quite limited. Up until 
1880, virtually all the citric acid used in this 
country was made in Europe. In that year, 
Pfizer conceived the idea of importing the 
raw materials from abroad and producing 
citric acid in the United States. The results 
were successful and Pfizer gradually became 
a leading manufacturer of this important 
commodity. 

But production still depended on raw 
materials supplied from overseas. In a far- 
sighted decision around the turn of the 
century, Pfizer began to experiment with 
methods of producing citric acid from do- 
mestic materials. In 1914, this research 
program focused on the possibility of 
fermenting citric acid from a sucrose base. 
Five years later, Pfizer opened a pilot plant 
employing such a process. 

By 1923 the company was convinced that 
it had really found the formula for producing 


citric acid of the highest quality on an eco- 
nomical basis. A commercial production plant 
was put into operation and in 1924 American 
industry was receiving regular deliveries. 

The Pfizer fermentation process proved so 
efficient that by 1939 the price of citric 
acid had been reduced to % the pre-World 
War | price! 

The American food industry was thus as- 
sured a readily available supply of econom- 
ical citric acid from a dependable domestic 
source. 

In addition, by enlisting the assistance of 
the Pfizer Technical Service staff, customers 
have shared in Pfizer's extensive knowledge 
of citric acid and effected sizeable time and 
money savings in product development and 
improvement. 

You will see on the pages that follow 
some of the products in which this versatile 
acidulant serves as a key ingredient—ample 
evidence of the importance of citric acid in 
today’s food industry! 
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TRADITIONALLY BEST FOR SOFT DRINKS 


Citric acid gives soft drinks an authentic, natural tanginess! 


5 
q . 
= 
: 
| 
= 
| 
= 
} 
4 
3 


TRADITIONALLY BEST FOR CANDIES 


Citric acid is the ac 


idulant you'll use with absolute confidence! 
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e TRADITIONALLY BEST FOR FRUIT-FLAVORED DESSERTS 


Citric acid gives fruit-flavored desserts that natural tartness! 
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CITRIC ACID 


TRADITIONALLY BEST FOR ICES AND SHERBETS 


Citric acid’s flavor-benefit is that “‘little extra’’ so important to true fruit taste! 
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TRADITIONALLY BEST FOR CANNED FRUIT JUICE BLENDS 


Citric acid gives a natural “‘lift’’ to real-fruit flavors! 
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CITRIC ACID 


TRADITIONALLY BEST FOR FRUIT PRESERVES 


Citric acid helps bring out the tart-sweet goodness of fresh fruit! 
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TRADITIONALLY BEST FOR BEVERAGE POWDERS 


Citric acid adds the tanginess that contributes to full, rich flavor! 
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WHERE YOU MAY BE USING CITRIC ACID TOMORROW 


In the future, uses for citric acid will extend beyond the 
area of fruit-flavored products. One area where citric acid 
may soon prove important is vegetables, particularly 
canned vegetables. 

Small amounts of citric acid help control the pH level 
in canned tomatoes, beans, carrots and asparagus. Experi- 
ments in canned, whole tomatoes indicate that by con- 
trolling the pH with citric acid it may be possible to reduce 


processing time and/or temperature, resulting in a firmer 
whole tomato. 

It has also been shown that citric acid sequesters trace 
metal contaminants in the pack, thus contributing to the 
quality of canned vegetables. 

Pfizer, world’s leading producer of citric acid, will con- 
tinue to keep you informed on valuable new developments 
concerning citric acid—nature’s acidulant. 
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TECHNICAL 


Pfizer offers citric acid in two basic forms—anhydrous and hydrous 


CITRIC ACID, U.S.P., ANHYDROUS 


This is produced as colorless, translucent crystals or as a 
pure white powder. It is odorless and has an acid taste. The 
compound is stable in the presence of light and air and 
resists caking under normal storage conditions. Because 
there is no water of crystallization present, anhydrous 
citric acid is particularly economical. Its reduced bulk 
leads to lower costs for handling, shipping, and storage. 
Furthermore, the lack of water of crystallization assures 
you of a uniform product and permits exact quality control. 


CITRIC ACID, U.S.P., HYDROUS 


This form of citric acid has been available for many, many 
years and is still counted on as a high quality acidulant 
for a wide variety of products. In physical appearance, 
taste and odor, it is similar to the anhydrous compound. 
However, it contains 1 mol water of crystallization (8.58% 
moisture). Stable in the presence of light and air, it will 
tend to lose water at high temperatures or in a dry atmos- 
phere. 

Various salts and esters of citric acid also find wide- 
spread application in the food industry. Two of the more 
prominent, sodium citrate and Citroflex® A-4, are de- 
scribed below. 


SODIUM CITRATE 


This sodium salt of citric acid is a versatile, easily assim- 
ilated product that has many uses in the food industry. 
Used as an emulsifier in cheese products, it produces 
smooth, even melting cheese that slices and spreads easily. 
Similarly, it improves the texture of ice cream. Pfizer 


INFORMATION 


Sodium Citrate acts as a buffer salt to control the pH in 
jellies, preserves, dessert powders, and canned fruit juice 
blends. And like citric acid, it also brings out true fruit 
flavor. 


CITROFLEX® A-4 PLASTICIZER 


Non-toxic, odorless, Pfizer Citroflex A-4 has been ac- 
cepted by the Food & Drug Administration for use in pack- 
aging for both fatty and non-fatty foods. Citroflex A-4 
(Acetyl Tributy! Citrate) shows excellent results in plasti- 
cized vinyl films for meat wrapping, vinyl coating for food 
containers and hot drink cups, and vinyl plasticizers for 
food jar liners and sealing rings. In addition, Pfizer Citro- 
flex A-4 is excellent in polyvinyl acetate adhesives. Low 
in cost and high in performance Pfizer Citroflex A-4 is 
finding wide use in plastic coatings for the food industry. 


PHYSICAL PROPERTIES 
OF PFIZER CITRIC ACID 


Anhydrous Hydrous 
MolecularWt. 192.12 210.14 
Density 1.67 1.54 
Melting Point 153°C Loses water 
Solubility, 25°C 


Water 161.8gm./100 ml. 208.6gm./100 ml. 
Alcohol 59.1gm./100ml. 90.4gm./100mI. 
Ether 0.75gm./100 mi. 1.6gm./100 ml. 
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Science for the world’s well- being 


CHAS. PFIZER & CO., INC. 
Chemical Sales Division 
630 Fiushing Avenue Brooklyn 6, N. Y. 


Branch Offices: Clifton, N. J.; 
Chicago, Ill; San Francisco, Calif.; Vernon, Calif.; 
Atlanta, Ga.; Dallas, Tex.; Montreal, Canada 


varieties than for others. This darkening apparently 
did not involve carotene content, however. The 
darkening probably caused a masking effect on the 
carotene that could not be completely accounted for 
in predicting carotene with the Hunter. Color Differ- 
ence Meter by the use of multiple regression equa- 
tions. If no discoloration had oceurred in the various 
puree blends of different varieties, or if the discolor- 
ation had been of the same magnitude in all varieties, 
the correlation coefficient of 0.942 obtained would 
probably have been much higher. Although the a 
value alone in the regression equation did not account 
for as much variation in carotene content as Hunter 
a and b together, it was dependable enough to be used 
with good results under certain conditions for rapid 
prediction of carotene once a standard curve was 
obtained. 

seta carotene content was correlated with the sub- 
jective color preference scores, the coefficient being 
0.662, highly significant, though somewhat less than 
might be expected. It was observed that the evalu- 
ation panel tended to value brightness of color and 
lack of discoloration as very important attributes as 
well as the depth or intensity of color. This might 
account for the low correlation obtained between sub- 
jective scores and earotene content. Some of the 
puree samples that were very high in beta carotene 
were rather dark, lacking luster or brightness, and 
thus were given a lower score. In contrast, some of 
the samples that were relatively low in beta carotene 
but possessed a bright yellow to yellow-orange color 
received high color scores. 

Munsell notations. It may be noted in Table 1 that 
Munsell value and chroma of sweet potato puree 
changed relatively little as color score and carotene 
content increased. Munsell hue, in contrast, varied 
considerably as carotene and color grade increased. A 
high linear relationship was found between Munsell 
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Fig. 2. Relationship of Munsell hue and Hunter a reading of 
sweet potato puree over a wide range of colors. 
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18 
MUNSELL HUE 
Fig. 3. Relationship of Munsell hue and beta carotene con 
tent of sweet potato puree 


hue and Hunter a value, as indicated by a correlation 
coefficient of 0.988 (Fig. 2). This high linear cor- 
relation was probably due to the fact that there was 
relatively little change in Munsell value and chroma 
over the whole range of colors produced from the 
different varieties. 

When carotene content and corresponding Munsell 
hues were correlated, the linear correlation coefficient 
was —0.92 and the curvilinear correlation coefficient 
0.93 (Fig. 3). It may be noted on the scatter diagrams 
(Figs. 2, 3) that the deviation from the regression 
line was much greater with Munsell hue and beta 
carotene content than with Hunter a reading and 
Munsell hue. The deviation from linearity or from 
eurvilinearity between Munsell hue and carotene con- 
tent was due, in a large degree, to the masking effect 
caused by discoloration. 

It is evident (Table 1) that the variations in color 
of sweet potato puree blends were due primarily to 
changes in hue and, to a lesser degree, chroma. 
Changes in Munsell value did not appear to be a con- 
tributing factor. This is substantiated by the fact 
that the multiple correlation coefficient was essentially 
the same when Munsell value was included in the 
regression equation and when it was deleted (Table 
4). When subjective color scores were correlated with 
Munsell hue alone, the correlation coefficient was 
—0.827, compared to 0.870 when both Munsell hue 
and chroma were included in the regression equation. 


Table 4. Relationship of subjective color preference rating 
(Y) and Munsell notations of hue (H), value (V) and chroma 
(C) as expressed by linear and multiple regression equations. 


Equation Independent Oorr. 
no variables Regression equatior coef. 


1 Hue, value and j 11.19 .81H + 0.31V 4 
chroma ROE 0.872 
Hue and chroma \ 11.02 0.75H + 0.986 0.870 
Hue and value 20.90 LO7H + 0.98, 0.244 
4 Hue Y 24.34 0.95H B27 


301 
: 
| 
4 


FOOD TECHNOLOGY, JUNE, 1961 


REFERENCES 

Judd, Deane B. 1952. ‘‘Color in Business, Science and Indus 
try.’’ John Wiley & Sons, Ine., New: York. 

Newhall, 8. M., Dorothy Nickerson, and D. B. Judd. 1943. 
Final report of the O.S.A. Subcommittee on the spacing 
of the Munsell colors. J. Am. Opt. Soe. 33, 385. 

Nickerson, Dorothy. 1946. Color measurement and its applica 
tion to the grading of agricultural products. U. 8. Dept. 
Aar. Mise. Publi. $80. 

O'Connor, Robert T., Dorothy F. Heinzelman, and Merrill E. 
Jefferson. 1946. Determination of total beta-carotene in 


sweet potatoes and sweet potato products. Ind. Eng. 
Chem, 18, 557. 

Scott, Leland, C. O. Appleman, and Margaret Wilson. 1944. 
The discoloration of sweet potatoes during preparation 
for processing and the oxidase in the roots. Maryland 
Univ. Agr. Expt. Sta. Bull. No. A%3. 

Willis, David Clarke. 1955. The earotenoid pigments of sweet 
potatoes. Master’s thesis. North Carolina State College, 
Raleigh, N. C. 

Younkin, 8S. G. 1950. Color measurement of tomato purees, 
Food Technol, 4, 350. 


A New Oxidative Mechanism in the Deteriorative 


Changes of Orange Juice’ 


(Manuscript received June 7, 1960) 


SUMMARY 

The degradation of orange concentrate seen in clarifica- 
tion was checked by adding KCN. Added ascorbic acid 
speeds up clarification, but is counteracted by ferrous salts. 
These two observations suggest that clarification is not 
solely caused by the hydrolizing effects of the pectic en- 
zymes but is in addition an oxidation phenomenon activated 
by the oxidative enzymes in connection with ascorbic acid. 


Tue RESEARCH reported was un- 
dertaken several years ago when the question of sepa- 
ration (breakdown of the cloud) in orange juice was 
a problem in the ‘‘frozen concentrate’’ industry ; 
along with it went flavor degradation of various de- 
grees. It had long been known that this form of 
deterioration was caused by pectic enzymes (Line- 
weaver and Jansen, 1955; Wenzel and Moore, 1955; 
Braverman, 1949; MaeDonnell ef a/., 1950). The pee 
tase or pectinmethylesterase causes demethylation of 
the pectin, thereby forming insoluble pectic acid ; and 
the pectinase, formerly also identified as polygalac- 
turonase, is assumed to break up the peetin chain 
along the 1-4 glycosidic linkages. It is now generally 
accepted that pectinase denotes rather a complex of 
enzymes of which polygalacturonase is a member with 
the specific function just deseribed (Lineweaver and 
Jansen, 1955; Kertesz, 1951). But even polygalac- 
turonase has recently been discovered to be an enzy- 
matie twin (Patel and Phaff, 1960). The chemical na- 
ture and composition of the pectic enzymes is not 
known, and the only approved way for stopping their 
activity in commercial products was, and still is, to 
apply heat and store at ca. O°F. The heat treatment 

* Beeause of unforeseen events, this research had to be inter 
rupted before it was possible to prove the hypothesis advanced. 
The results nevertheless appear interesting enough to be offered 
to the field for further investigation. 


Felix Kiefer 


University of Florida, Gainesville, 
Florida 


is generally carried out between 150 and 200°F. The 
first temperature has a pasteurizing effect on bacterial 
growth, and only a mild one against enzymatic ae- 
tivity, which can be completely inhibited only by 
heating the product to 195-200°F. That, however, 
produces a ‘‘cooked’’ flavor, and therefore is unsuit- 
able for products of high quality. Any degree of sta- 
bility derived from the heat treatment is adversely 
affected by the general practice, before canning the 
concentrate, of adding a small amount of fresh single- 
strength, so-called ‘‘cut-back’’ juice in order to ad- 
just the initial high concentration to a standard 42 
Brix and to offset loss of fresh flavor suffered by the 
vacuum evaporation. 

The initial approach was taken with the assump- 
tion that the pectic enzymes represented not just the 
main, but the only, cause of the deteriorative changes 
in orange juice. Only after it was found that elarifi- 
cation was intensified by adding ascorbic acid, and 
after a study of the literature revealed ascorbic acid 
as being involved in the degradation of other food 
products, was the scope of investigation enlarged and 
oxidation definitely considered as a possible factor 
in the common phenomena of the deterioration of 
orange juice. Although ascorbie acid is a strong re- 
ducing agent, its ability to revert from the oxidized 
to the reduced state, caused by enzymes and other 
catalytic agents, is well known. 


EXPERIMENTAL METHODS 


Finished orange concentrate of 42° Brix that had been flash- 
heated to 150°F during production was used in 100-g samples 
in all of the experiments. The concentrate was brought to 
room temperature, at which the chemical agents could be easily 
and uniformly admixed by shaking intermittently for about 5 
min in 4-0z sample bottles. The control samples were shaken 
equally long. Since the samples did not fill the bottles eom- 
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OXIDATIVE MECHANISM OF ORANGE JUICE 303 

pletely but left an air space of about 25 ml, a not entirely 100 
negligible amount of oxygen was thus brought into contact « ee 
with the samples. This amount was, however, identical for both I 
treated samples and controls, and was therefore not taken eo [a1 6.55 mothylalginate 
aecount of, especially since these experiments must be con- 0.25 wethy 
sidered preliminary to a final approach based on the forth- . "FT 
coming results. 

All samples, after the additions had been made, were kept at . 
the usual 40°F refrigerator temperature. Five- to 10-g por- 2 ™ 
tions were then periodically withdrawn for the stability tests. = 40 
They were reconstituted with water to single-strength concen- 3 
tration (ratio 1:3), then centrifuged 10 min at 1800 rpm. The <ibed 
supernatant liquid was used for observation of optical density 4 any om 
and light transmission in the Lumetron colorimeter against Pa 
distilled water, using the 530 filter. (On occasion, filter 650 was $ 10 
used instead.) It should be mentioned here that the Lumetron 


colorimetric measurements, which are standard procedure in 5 10 15 2 25 30 j 10 45 50 
the juice industry, confirmed in each case what visual observa- 


Days of Storage at 40°F 


tion of the physical appearance of the samples showed before Fig. 1. Effeet of KCN and methylalginate on c'oud stability 
they were shaken up for withdrawing the test portions. More in orange juice. 

over, the colorimetric testing method for light transmission 

is based on the faet that the lipolytic pigments responsible for Table 2. Effect of ferrous vs. ferric citrate on cloud stability 


the color of the orange juice are mostly adhering to the pulp 


particles, so that color intensity is always directly related to 


the density of the cloud unless these pigments have undergone % \ight transmission with filter 530 after 
chemical changes. There will be some reference to this under 
discussion of results. Additions ‘ 7 

The experiments may be divided into three groups. Group 1 0.2% ferric citrate 18.5 26.0 25.5 40.5 5 44.0 
includes additions of alkaline and alkaline earth propionates, 0.2% ferrous citrate 18.5 22. 5 29.5 34.0 
sodium salts of other 3-earbon acids, sodium salts of unsatu- 0.3% ferrous citrate 18.5 20.0 15 28.5 33.5 
rated acids in particular, and of saturated dibasie acids with — 
3, 4, and 5 earbon atoms. All of these additions were combined 
with one of 0.5% Na-alginate (Table 1). In group 2 the sam- Table 3. Effeet of aseorbic acid by itself and in combination 
ples were treated with additions of ferrous and ferrie citrate, with ferrous citrate on cloud stability in orange juice. 
and, as a side line, other ferrous salts were added for com sos oe 
parison of their effects (Tables 2, 3, 4). Group 3 comprises 
additions of KCN, methylalginate, and a combination of both : 

Additions 0 4 5 6 
(Fig. 1). 

Additional experiments included extracting a_ stabilizing 0.3% ferrous citrate 10.0 12.8 15.5 18.2 24.0 
principle from the pulp of sour oranges and imparting it to 2% — 6.5 36.5 $3.5 
the orange concentrate (Table 5); and adding orange essence 0.3% ferrous citrate 10.0 13.0 18.0 19.5 23.0 
recovered from fresh orange juice or from the vacuum duct Control 10.0 22 30.5 37.5 51.5 


of the concentration plant. 

The pulp of sour oranges was mixed 1:1 with water, com- 
minuted in a blender, and filtered through an asbestos filter 
overlaid with Celite. The clear filtrate was concentrated under 


Table 4. Effeet of different ferrous salts on cloud stability 
in orange juice. 


vacuum at 40-50°C. No specific concentration was established, % light transmission with filter 530 after 
and the percentage added was entirely arbitrary. (Cage) 

For the recovery of essence from the plant the vacuum duet Additions < , 5 le 19 21 
was tapped and a sideline led through a dry ice-aleohol-cooled 0.3 g ferrous tartrate 6.2 7 10.8 18.5 56.5 58.5 
trap to a laboratory vacuum pump. The resulting product was 0.3 g ferrous lactate 6.0 f 7.8 11.1 28.5 42.0 
highly aromatie and contained relatively little so-called orange ).2 g ferrous citrat 6.1 rhe 4 ave 27.0 
0.3 g ferrous phosphate 6.2 66 1.7 14.7 17.0 
oil, which derives primarily from the glands in the peel. For Control 70 > 4 12.6 21 52 0 72.0 
establishing a quantitative relationship, however, fresh orange 
juice was distilled in the laboratory to the extent of 10-12% 

Table 5. Effeet of protective antioxidant found in sour 


oranges on cloud stability in orange juice 


g 
Table 1. Effect of various salts of organie acids combined 
with 0.5% sodium alginate on cloud stability in orange juice. 


ight transmiss} 


th filter 650 after 
rage periods (days) at 40°F 


% \ight transmission with filter 530 after Additions I 7 1 11 


various storage periods (days) at 40°F ° 
Concentrate of sour 


Additions 0 3 6 7 10 14 o4 orange pulp extract 2 1 5 29 1) 34.0 

0.5% Na propionate 6.8 11.0 13.0 12.0 14.5 19.5 29.5 
0.42% Li propionate 6.8 11.0 19.5 19.0 27.0 
0.59% K propionate 68 14.0 18.0 10.5 
0.4% Meg propionate 6.8 19.0 21.0 of the original volume at 40 50°C and a vacuum of 20 mm Hg. 
0.48% Ca propionate 6.8 31.0 55.5 The vapors were trapped in two consecutive tubes inserted into 
0.5% Na alginate alone 6.8 28.0 51.5 63.0 a dry ice isopropanol mixture (ca 50°C On one occasion 
0.49% Na acrylate 6.8 11.2 12.2 11.2 145 18.0 31.0 
0.56% Na crotonate 6.8 10.0 13.5 10.8 15.5 21.0 36.3 the essence was passed into €0° Brix sugar syrup after the 
0.42% Na fumarate 6.8 10.0 12.5 11.2 140 15.5 19.0 distillate had given up mueh of the accompanying water in a 
0.42% Na maleinate 6.8 14.0 17.0 16.5 21.5 26.5 suspension of anhydrous sodium su!fate in glycerine. This lat 
0.51% Na glycolate 6.8 32.0 27.5 ter procedure furnished ¢ ne * especial i i 
0.58% Na lactate 6.8 22.5 30.0 i Shed an essence of especially high flavor 
0.38% Na malonate 6.8 12.0 18.0 16.5 18.5 21.5 32.5 quality. 
0.42% Na succinate 6.8 11.0 19.5 12.3 15.5 5 33.5 A simple investigation was o undertaken with a eommer 
0.46% Na giutarate 6.3 12.4 13.3 17.0 26.5 cial pectinase in which this enzyme preparation was used to act 
Control 68 75.0 


on sodium polygalacturonat: 
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Three samples were prepared with identical amounts of the 
polygalacturonate colloidally suspended in water. One was a 
control, the second and third received the same amounts of 
clear pectinase solution, and the third also received 0.3% KCN. 
The samples were adjusted to about pH 4.0 and kept in a 
waterbath of 50°C. 


RESULTS 


The first experimental group shows (Table 1) that 
all propionates added jointly with Na-alginate, and 
the alginate only, give increased cloud stability. In 
this particular series the control had broken down 
completely within 2-3 days of storage. 

The best protection was afforded by Na-propionate, 
which extended stability to nearly 4 weeks; Li and K- 
propionate were next best, with stabilization pro- 
longed to about 3 weeks; and Mg-propionate was 
nearly as efficient. With the Ca salt the breakdown is 
complete within 6 days, followed closely by the Na- 
alginate by itself. 

It is of interest that Na-propionate by itself (used 
in different experiments, not recorded here) caused 
protection only for a very few days, after which the 
cloud broke down abruptly, whereas Na-propionate 
in combination with Na-alginate had a pronounced 
effect. This apparent case of synergism, in which 
the combined effect noticeably exceeds that of the two 
individual sodium salts, must be based on the stabili- 
zation which Na-propionate affords to the alginate in 
its colloidal form. There may be other factors in- 
volved; but inasmuch as the ‘‘cloud”’ is a colloidal 
phenomenon, and since Na-alginate, because of its 
large molecule (it represents a polymannurate), 
forms itself a colloidal solution whereas mannuronic 
acid is insoluble, the extended preservation of the 
colloidal system by the availability of additional Na 
ions suggests itself strongly. This the more so since 
it has been found that propionic acid does not affect 
the activity of pectinase. The sodium ion has also 
been found to exert a direct inhibiting action in con- 
nection with several known enzymes (Dixon and 
Webb, 1958). Such an effect has, however, not yet 
been proved with regard to the enzymes contained in 
orange juice. 

As for the then following subgroups, the effect 
appears rather similar, being ascribed mostly to the 
same combination of the sodium salt of a weak acid 
combined with the colloidal solution of the alginate. 

There are, however, a few points worth mentioning. 
Of the 3-carbon acids, the hydroxy-acid offers the 
least protection. Acids with a double bond are equally 
beneficial, irrespective of the number of carbon atoms. 
An exception forms, however, the cis-oriented maleic 
acid, whose protecting effect (which is initially 40% 
behind that of fumarie acid) drops rapidly to a differ- 
ence of more than 70% of that of its trans-oriented 
isomer. 

A group of saturated dibasic acids shows again 
equal effect of the different members, whether of 3, 4, 
or 5 carbon atoms. 

In group 2 a result is observed (Tables 2, 3) that 
would have been surprising if the reactive system 
present in orange juice were not taken into account in 
a wider sense. First, it is established that, though 
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both the ferrous and the ferric salts have a mild sta- 
bilizing effect, ferrous citrate is superior to ferric 
citrate. (Other ferrous salts, as shown in Table 4, 
have a similar effect, though to a lesser degree.) Next 
we see that ascorbic acid by itself enhances rather 
than inhibits clarification. And finally it was shown 
that the negative effect of ascorbie acid is checked 
completely by simultaneous addition of the ferrous 
salt. These phenomena inevitably lead to the eonclu- 
sion that the clarification phenomenon is, at least in 
part, one of oxidation in which ascorbic acid plays an 
active role. By counteracting the oxidative process 
by addition of the reduced iron salt, the oxidative 
system is upset and its action thereby impaired. 

Although ascorbic acid is itself a very strong re- 
ducing agent, it obviously cannot reduce itself. 

It may be claimed that the addition of ascorbic acid 
and its ensuing effect on the cloud stability of orange 
juice could lead to erroneous conclusions if measured 
colorimetrically. A fading of the color as a reduction 
phenomenon would then be expected. This case of 
color reactions becomes, however, more complicated, 
and is difficult to reconcile with the observations re- 
corded in Table 3 correlating, as it were, cloud and 
intensity of color. Thus, ascorbie acid by itself re- 
duces cloud vs color. But if another reducing agent 
is added, together with ascorbic acid and in the pres- 
ence of free citric acid, the effect is reversed. Now, it 
is known that if an organic ferrous salt, such as fer- 
rous citrate, is added to ascorbic acid, a slight intensi- 
fication of color is observed. If this addition is, how- 
ever, made in the presence of citric acid, this change 
is practically suppressed. And that is the condition 
that exists in orange juice. The thought is then 
directed to the enzyme ascorbate oxidase, which is 
known to engineer the alternate oxidation and redue- 
tion of ascorbie acid, with a corresponding reduction 
and oxidation of a suitable substrate. Guthrie (1955) 
recognized the harmful effect of this mechanism in 
milk, and stopped it by a complete and irreversible 
oxidation of the ascorbic acid. It is, however, assumed 
that any substance that can upset either the oxidation 
or reduction phase of the function of ascorbie acid 
will keep the whole enzymatic system from funetion- 
ing properly. 

The result of treating the orange concentrate with 
KCN, with and without methylalginate, the isomer of 
pectin, confirmed the aforementioned hypothesis. In 
the sample treated with KCN, stability was almost 
complete (Fig. 1). It may well be that the eventual 
deterioration of the sample after 4—5 weeks of storage 
is due to increasing bacterial destruction rather than 
to enzymatie effects. 

It is well known that KCN is a strong inhibitor of 
most oxidases and peroxidases (Dixon and Webb, 
1958a). But it could be proved incontrovertibly that 
it exerts no effect on pectin methylesterase (Table 6), 
which breaks pectin down very rapidly, with or with- 
out added KCN. The effect of KCN shown in Fig. 1 
suggests, then, two simultaneous possibilities. First, it 
may indicate that, in the complex system of orange 
juice, pectinmethylesterase is not sufficient to cause 
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OXIDATIVE MECHANISM OF ORANGE JUICE 


Table 6. Lack of inhibitory effect of KCN on pectinmethyl- 
esterase in orange juice. The orange juice was reconstituted 
to 11.6° Brix from orange concentrate. For samples 3 and 4 
the juice was heat-stabilized at 190°F, cooled, and mixed with 
a pectinesterase concentrate prepared from orange albedo. To 
sample 4 was then added 0.1% KCN. The PE determinations 
were undertaken 16-20 hours later at 30°C, 


Pectin methylesterase 
Treatment activity as PEU/° Brix 


Control 1 10 
0.1% KCN 1. x 10 
2 ~ 10 


Heat-stabilized plus 0.75 ml PE concentrate 


Heat-stabilized plus 0.75 ml PE concentrate 
plus 0.1% KCN 2.56 x 10 


clarification, because the resulting pectic acid remains 
in colloidal suspension. Second, the hypothesis is ad- 
vanced that the final breakdown, which must be con- 
sidered as a succession of demethylation and the split- 
ting of the pectin chain, does not involve hydrolysis 
at the 1-4 linkages, but its eventual fracture through 
oxidation. It is postulated that the oxidative enzyme 
system, in coordination with ascorbic acid, produces 
activated oxygen, which then enters the molecule to 
form a peroxide. This does not, however, take plac? 
between the 1-4 carbon atoms, but is attached to only 
one of them, with the formation of a hydroperoxide. 
This hypothesis is based on an analogy found in the 
autoxidation of ether (Clover, 1922). The splitting 
of the pectin molecule is then the result of a secondary 
reaction resulting from the instability of the per- 
oxide. Although different in explanation, it would 
not disagree with the concept advanced by Line- 
weaver and Jansen (1955), according to which de- 
methylation promotes the splitting action of the 
polygalacturonase. 

The aforesaid would also explain why methyl- 
alginate does not by itself noticeably increase the 
stability of orange juice, for if the above hypothesis 
is correct it is only the formation of active oxygen 
that is enzyme-directed, Once it is formed, it seems 
immaterial whether it enters the CH-O-group of the 
pectin or algin molecule, for the final result is the 
same, 

Diseoveries in various fruits and vegetables by 
Zilva and others (Somogyi, 1945; Janecke, 1954) of 
an antioxidant principle that inhibits the activity of 
ascorbate oxidase, thus stabilizing the ascorbic acid 
in its reduced form, suggested that such an agent be 
looked for in sour oranges. The results are in Table 
5. Though of relatively minor effect, the reaction 
supports the above-expressed opinion that an oxida- 
tive enzyme system plays a conspicuous part in the 
clarification problem. 

The contribution that flavor deterioration makes to 
this question is less distinctive, though it should not 
be overlooked. 

The essence, recovered either from the vacuum line 
of the concentration plant or by direct vacuum dis- 
tillation of fresh orange juice, was added in varying 
quantities to orange concentrate to restore its natural 
flavor completely. At the outset this objective was 
reached beyond doubt. After even 2 months at 0°F, 
however, a gradual decrease of flavor intensity could 
be clearly noticed; it eventually became greatly re- 
duced. This was especially evident where an orange 


concentrate had been used in the vacuum distillation 
On the other hand, it was ob- 
served that essence condensed in a 60° Brix sugar 
syrup retained its strength indefinitely under the 
same storage conditions. The autoxidation of orange 


to trap the essence. 


oil, to a minor extent used in standardizing the flavor 
of orange concentrate, is an established fact. Pulley 
and von Loesecke (1939) found that citrus juices 
allowed to stand for a short time consume dissolve? 
oxygen rapidly. It would then not be surprising if 
the gradual vanishing of the more subtle constituents 
of orange essence (flavor and aroma) was due to the 
same effect, and not unlikely connected with the oxi- 
dation-reduction shuttle of ascorbic acid sustained by 
the oxidases in orange juice. 

Considering finally the experiment with the com- 
mercial pectinase, it was found that it decomposed 
the polygalacturonate almost instantaneously. The 
eyanide, however, inhibited the enzyme activity com- 
pletely, so that this sample remained unchanged (like 
the control, which contained no enzyme) 

Even though this commercial enzyme was not pure, 
it did contain the principle that breaks down the 
pectin in orange juice, and was inhibited there, as 
here, by cyanide. The probability is therefore very 
great that pectinase, alias polygalacturonase, belongs 
to an oxidizing enzyme group. 
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Effect of Processing Method and Variety on Niacin and 
Ether Extract Content of Green and 
Roasted Coffee”’ 


(Manuscript received March 8, 196!) 


SUMMARY 

The effect of variety and coffee cherry processing meth- 
ods on the ether extract and niacin content of green and 
roasted coffee was studied. Methods of processing the 
cherry affected neither in green coffee, but did affect nia- 
cin content in roasted coffee. Alkaline treatment of the 
cherry generally resulted in a lower niacin content than 
found in the naturally fermented samples. Coffee varieties 
in the green state contained 7.66-11.10% of ether ex- 
tract, and niacin varied from 1.05 to 1.81%. This varia- 
tion was attributed to genetic differences. Roasting in- 
creased both substances significantly. No relation in niacin 
content was found between roasted samples and green 
coffee bean. A positive correlation was found between green 
and roasted coffee samples in ether-extractable material. 
Since the increase in ether extract in roasted coffee is not 
all accounted for by the decrease in the moisture content, 
roasting must convert organic substances into ether-soluble 
compounds, and trigonelline into niacin. 


Bazssan: AND NAVARRETE (1959) 
recently reported that variety and method of process- 
ing could significantly affect the niacin content of 
both green and roasted coffee. Hughes and Smith 
(1946), however, reported that the niacin content of 
green coffee beans is not dependent on variety. One 
of the important factors determining the niacin con- 
tent of coffee is the roasting temperature. Several 
authors (Adamo, 1955; Hughes and Smith, 1946; 
Teply et al., 1945) found that, during roasting, tri- 
gonelline is converted into nicotinic acid. Therefore, 
the final content of niacin in samples roasted under 
standard conditions can be influenced by the trigonel- 
line content of the green coffee. This substance, in 
turn, may be dependent on the variety of cherry and 
the method of processing it. 

The present study was undertaken to find out 
whether processing methods and variety were im- 
portant factors in determining the final concentra- 
tion of niacin in roasted coffee. Also included are 
further observations on the increase in ether-extract- 
able substances of coffee with roasting previously de- 
scribed by Bressani and Navarrete (1959) and Bres- 
sani et al, (1961). 


“This study was supported by funds from the Williams 
Waterman Fund of the Research Corporation, New York, N. Y. 
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MATERIALS AND METHODS 

Variety differences. The material used in the chemical analy 
sis of coffee beans from different varieties was received in 
1957 from the collection of the ILAS (Interamerican Institute 
of Agricultural Sciences). This variety collection, grown under 
light legume shade at an elevation of 2,000 feet, is at Turrialba, 
Costa Riea. At sampling, the trees varied in age between 4 
and 8 years from seed. The subsamples were from a composite 
sample of several pickings during the 1956-57 harvest season. 
As soon as the ripe cherries were picked, they were taken to the 
pilot processing plant of the IIAS. Overripe cherries 
(espumas) were removed by flotation in water, and the re- 
maining cherries were immediately pulped. Mucilage was re- 
moved by mechanical abrasion in a specially adapted Hobart 
mixer. Drying was begun no later than 6 hr after harvest. 
Drying was in the sun in sample-drying trays until the sam 
ples reached a final bean moisture of 12% as determined in a 
Steinlite moisture tester. 

The dried samples were stored in paper bags in an auto- 
matically controlled dry room maintaining 12% bean moisture. 
Before shipment the beans were hulled, and complete data were 
collected on their size and shape. The samples were then pack- 
aged and shipped to Guatemala by air. On receipt at INCAP 
they were divided into two subsamples: one was ground to pass 
a 40-mesh sereen, and the other was saved for roasting. Both 
subsamples were stored at 4°C until analyzed. 

Processing methods. The samples for the processing study 
also came from ILAS; their preparation was the same as that 
described for the variety samples. The following methods were 
tried for mucilage removal: 

Sodium hydroxide. Samples were pulped and placed in a 
12-qt metal bowl in a Hobart mixer. Sodium hydroxide solu- 
tion of a specific concentration (4, 2, 1, 0.5% and 0.25%) was 
added to just cover the coffee. A wire stirrer was attached to 
the mixer, and the coffee and solution were stirred for 4 or 5 
min or until all of the mucilage was removable from the beans 
as determined by a small sample washed in clear water. The 
sodium hydroxide and mucilage were then separated from the 
coffee samples by washing with three changes of clean water, 
each stirred with the coffee for 1 or 2 min. After the mucilage 
was removed, the samples were placed on wire-screen-bottomed 
trays and placed in the sun daily to dry until they reached a 
12% bean moisture. 

Mechanical abrasion. This is essentially the same procedure 
as the sodium hydroxide treatment except that the mucilage 
was removed in a special attachment designed for the Hobart 
mixer by the Maxwell House Division of General Foods Cor- 
poration. The attachment was a rubber-lined cylinder and 
roller between which the coffee beans were placed. As the roller 
passed over the beans, the mucilage was removed by mechanical 
abrasion. 

Natural fermentation, After pulping, the coffee beans were 
placed in small cement tanks to remove mucilage by natural 
fermentation. The mucilage was completely decomposed in 
24-30 hr. The coffee beans were then washed and sun-dried to 
12% bean moisture. 

Natural coffee. Refers to coffee dried in the cherry (without 
pulping) and hulled after it had reached 12% moisture content. 

Roasting. Subsamples of 50 g of green coffee from each 
sample reeeived were roasted. Roasting time was 8 min at 


4, 

By 
} 

: 
| 
| 
: 

q 

ie 
A 
_ 

he 

tes 

Sha 

* 

306 


ETHER EXTRACT CONTENT OF GREEN AND ROASTED COFFEE 


307 


Table 1. Moisture, ether extract and ricotinie acid in green coffee processed under different conditions, and losses in roasting. 


Moisture 


Samples Treatment % ) 


NaOH 

NaOH 

NaOH 

NaOH 
Mechanical abrasion 
NaOH 
Fermented 

1% NaOH 

NaOH 

1% NaOH 

0.5% NaOH 
Mechanical abrasion 
NaOH 

Patio drying 

1% NaOH 
Mechanical abrasion 
Fermented 

Natural 

1% NaOH 
Mechanical abrasion 
Fermented 


1% 
oo 
2% 

1% 


O.5¢ 


5-1 


O.25% 


J 
J 
J 
J 
J 
J 
J 


0.25% 


180°C. The roasted samples were cooled, weighed, ground to 
pass a 40-mesh screen, and stored at 4°C until analysis. 

Chemical methods. The moisture content was obtained by the 
(A.O.A.C., 1955), and ether extract de 
terminations were out according to the AOAC pro 
eedure. Niacin determined microbiologically using Difco 
media and Lactobacillus arabinosus 17-5 (The Pharmacopoeia 
of the United States of America, 1950 


vacuum oven method 
carried 


was 


RESULTS 


in Table 1, none of the pulp treatments had a 
statistically significant effect content, ether ex 
tract, or niacin. Variation eontent greater 
between varieties than between processing methods. 
the varietal differences (Table 2) for the three substances were 


As shown 
on moisture 


in niacin was 


Even so, 
not significant. 

Table 1 shows the weight 
processed different 
moisture, ether extract, and 


loss due to roasting of samples 
the in 


Roasting caused 


and also changes 


content. 


by treatments 
niacin 
an average loss equivalent to 18.8% of the original weight of 
the bean sample. The moisture content dropped to about half 
of the pre-roasting value, the ether extract increased one and 
a half and the niacin increased twentyfold. 
Variation small in ether extract and in 
niacin content. The higher niacin concentrations in the roasted 
bean tended to result of 
hydroxide in the cherry roasted 
from the fermented cherries contained 

Table 2 
extract, and niacin contents resulting from roasting 
in weight »veraged 9.7% of that of the coffee 
roasting. The average moisture content dropped with roasting, 
The variation among 
that resulting 

ether extract 


times, content 


was relatively large 


concentrations sodium 


Also, the 


more niacin. 


from lower 


treatment. beans 
shows weight losses and changes in moisture, ether 
The 
before 


loss 
bean 
whiie ether extract and niacin increased. 
varieties after roasting was to 
different treatments. The in 
greter between varieties than between processing methods. 


similar from 


variation Was 


DISCUSSION 


In a study of Bressani and Navarrete (1959), roast- 
ing temperature and type and variety of coffee 
appeared important in determining the amount of 
niacin produced by roasting. The present results 
agree with their findings. The large increase in niacin 
concentration corroborates results of other 
workers (Adamo, 1955; Bressani and Navarrete, 
1959 ; Bressani et al., 1961; Cravioto et al., 1955: Gross 
Daum, 1955; Hughes and Smith, 1946; Teply et al., 


also 


Ether 
extract 
(%) 
10.20 
11.02 
10.90 


Roasting losses 


Ether 
extract 
) (mg 


Niacin 
100 g) 


Niacin 


Weight Moisture 
100 g) (% 


N (% 
15 17 

16.2 

15 

16 


1945). Roasted beans from cherries processed by 
natural fermentation also tend to contain more niacin 
than those from cherries processed by the sodium 
hydroxide treatment. Furthermore, higher concen- 
trations of sodium hydroxide resulted in lower niacin 
concentrations in the roasted material. This may be 
due to a destruction of nicotinic acid itself, but is 
more probably the result of the destruction of nico- 
tinie acid precursors, such as trigonelline (Hughes 
and Smith, 1946). Similarly the in the 
niacin content of the roasted varieties is probably due 
to a genetic variation in the trigonelline content of the 


variation 


green coffee bean varieties. 

As in previous studies (Bressani and Navarrete, 
1959; Bressani et al., 1961), the ether extract portion 
increased with roasting of the samples. The increase 
ranged from 10.1 to 16.9% among treatments and 
8.9 to 15.7% among varieties. This increase cannot 
be accounted for by either the decrease in moisture 
content or increase in solid matter during roasting. 
Thus, roasting converts organic substances into com- 
pounds soluble in ethyl ether. This increase in ether- 
to have originated 
nitrogen-containing 
(Bressani et al., 


extractable substances appears 
from both fiber’’ 
compounds in the green coffee bean 
1961 

Correlation coefficients (Table 3) were calculated 
between the ether extract portion and the niacin con- 
tent for both treatment and variety, both green and 
roasted. Ether extract and niacin were not related in 
the green samples as a result of treatment or in the 


‘‘erude and 


roasted samples as a result of variety. The two sub- 
stances showed a significant positive correlation, how- 
ever, in the roasted samples as a result of treatment, 
and a highly significant negative correlation in the 
green coffee samples. 

Table 3 also shows the correlation coefficients of the 
ether extract and the niacin content of samples in the 
green and roasted state. Neither the ether extract nor 
the niacin content of green coffee samples treated in 
various ways correlated with that of the correspond- 


—— 
(mg 
11.86 1.07 6 
1-95-2 11.75 1.16 30 
11.68 1.25 7 85 
1-5-4 11.69 10.85 1.16 9 92 re 
1-5-5 11.71 10.70 1.18 8.6 4.54 16.12 14.58 ur 
1-5-6 11.32 10.25 1.21 9.0 4.96 15.99 18.15 
1-§5-7 11.22 9.40 1.13 8.7 4.79 15.58 19.38 P 
1-§5-1 11.31 9.50 1.23 10.0 5.10 14.81 21.35 
; I 2 11.53 9.25 1.18 10.5 1.78 14.94 24.25 ie 
: | 11.48 9.40 1.18 11.6 4.59 15.34 28.82 ta 
rAla 11.86 8.55 1.23 11.6 2.82 15.43 30.75 oe 
rqbs 11.48 8.45 1.17 10.6 2.68 15.15 26.19 Bor? 
1-95-6 11.69 8.35 1.19 9.4 3.25 16.09 30.99 
I 1 10.34 10.39 1.27 10.5 3.12 16.75 $1.12 ‘o 
1-2 10.35 12.19 1.33 7.5 1.46 18.24 20.22 i 
I 3 10.66 11.47 1.41 9.1 4.22 18.40 24.47 aaa 
I 4 11.36 11.39 1.39 9.5 4.56 18.35 25.67 a 
I 1A 11.39 9.73 1.49 9.1 4.61 19.71 25.95 ia 
I 2A 1.71 10.55 40 10.9 7.57 19.40 33.87 he 
1-3 A 9.78 10.62 1.30 10.0 1.86 20.45 28.57 a” 
A 9.58 9.83 32 9.1 20.29 35.22 
= 11.13 10.14 25 9.4 1.48 16.91 24.08 a 
| 
a 


Table 2. Moisture, ether extract, and nicotinic acid in 32 
conditions. 


Moisture 
Sample Variety (%) 
18-13 PEI 194265 Ethiopia 9.96 
-18-16 Kona 
18-19 N. 50 
Sel. No. 197 
Mibiriza 
B.A. 15 
B.A. 3 
Sel. 321 
Dilla x Alghe 
Erecta 
Semperflorens (selfed) 
Padang 
Columnaris 
Villalobos 
Blue Mountain 
PEI 191728 var. Geffel 
PEI 194266 Ethiopia 
PEI 194729 
PEI 8. L. 16 
Salvador Nationa! 
Tafari Kola 
Kona 
Amphilla 
60 
F. 502 
Maragogipe 
Yellow Bourbon 
Maragogipe 
Caturra 
C. canephora var. Uganda 
©. canephora var. Quillou 
aheokutae 


ees 
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Table 3. Correlation coefficients of ether extract and niacin 
in green and roasted coffee samples. 


Correlation 
coefficient * 


Variables 


Samples State of sample correlated 


Ether extract 0.3682 NS 
and niacin 


Treatments Green 


Roasted 0.4519 * 


Varieties Green 0.6824 ** 
Roasted 0.0798 NS 


Treatments Green vs. roasted Ether extract 0.4317 NS 
Niacin 0.4310 NS 
0.7073 ** 


Varieties Ether extract 


Niacin -0.1733 NS 


* NS, not statistically significant; *, significant at 5% level; 
significant at 1% level. 


ing roasted samples, nor did the amount of niacin in 
the varieties of green coffee correlate with that in the 
same varieties after roasting. A highly significant 
positive correlation was found, however, between 
ether extract in samples of green and roasted coffee 
from different varieties. 
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varieties of green coffee, and 


losses during roasting under uniform 


Roasting losses 


Ether 
extract Niacin 
(mg/100 


Niacin Weight Moisture 
(mg/100 g) (%) (%) 


9 


> to 
| 


bo 


no 


> te 
0 


wont 
® 


De 


> 


REFERENCES 


Adamo, G. 1955. Il contenuto in acido nicotinico nel caffe. 
Boll. soc. ital. biol. sper. 31, 79. 

A.O.A.C, 1955. Official Methods of Analysis.’’ 8th ed. Assoc. 
Offie. Agr. Chemists, Washington, D. C. 

Bressani, R., and D. A. Navarrete. 1959. Niacin eontent of 
coffee in Central America. Food Research 24, 344. 

Bressani, R., R. Gémez-Brenes, and R. Conde. 1961. Cambios 
de la Composicién Quimica del Grano y de la Pulpa del 
Café durante el Proceso de Tostacién y Activadad Bio- 
légiea de la Niacina del Café. (Submitted for publi- 
eation. ) 

Cravioto, R. O., C. J. Guzman, and M. L. Suarez. 1955. Inere- 
mento del contenido de niacina (vitamina anti-pelagrosa ) 
durante la torrefaccién del café y su significado en el 
aporte de esta vitamina a la dieta. Ciencia (Méx.) 15, 24. 

Gross Daum, M. 1955. La niacina en el café y su importancia 
nutricional en Venezuela. Arch venezolanos nutric. 6, 61. 

Hughes, E. B., and R. F. Smith. 1946. Nicotinie acid content 
of coffee. J. Soc. Chem. Ind. 65, 284. 

Teply, L. J., W. A. Krehl, and C. A. Elvehjem. 1945. Studies 
on the nicotinic acid content of coffee. Arch. Biochem. 6, 
139. 

The Pharmacopoeia of the United States of America. 1950. 
XIV rev., p. 737. 


aug 
Ether 
a (%) g) 
I 9.48 18 i 
yx I 10.18 18 ; 
I 8.37 17 
I 9.00 17 
I 8.90 1 
ue I 9.44 
I q 
9.43 a 
I 10.84 
I 10.22 
x I 9.68 
‘olf 
9.62 
I 9.36 
2 I 9.21 2 17 ) 
I 9.35 ) 
7 I 9.04 7 15 ) 
I 8.61 18 ) 
I 9.07 4 15 
I 9.46 11 
I 11.10 ) 16 4 
be I 9.26 0 16.03 21.55 
9.42 16.13 18.42 
9.20 14.90 21.17 
I 9.99 15.86 23.95 
I 9.16 15.09 30.65 
7.76 15.10 18.07 
aes I 7.22 15.20 17.70 
ws I 6.13 5 9.97 20.17 
Ir. I 6.00 4 9.26 21.47 
Av. 10.61 8.93 1.26 9.6 om 15.70 22.34 
ond 
ve | 
: | 
{4 
14 


Breaks up starch chains into more useful segments 


Rohm & Haas offers a variety of RHOZYME® dia- 
static enzymes which can give you the saccharifying 
or liquefying action you need in processing starches. 


Certain grades of RHOZYME convert starch chains 
to simple sugars—for applications requiring either 
sweetening or the presence of fermentable or re- 
ducing sugars. Other grades break up starch mostly 
into dextrins with minimal increase in reducing 
groups, to provide controlled degrees of liquefac- 
tion. Rigid starch gels can be given viscosity levels 
ranging from thick slurries to free-flowing liquids. 


Applications of RHOZYME diastatic enzymes in- 
clude: breadmaking; pharmaceutical uses; proc- 
essing of chocolate sirups, pre-cooked cereals; 
production of acid-enzyme converted sirups, high 


maltose sirups, high glucose sirups; liquefaction 
and saccharification of grain, corn, or potato 
starch for the distillation industry; starch modi- 
fication for paper coatings, laundry starches, ad- 
hesives, textiles; recovery of sugar from candy 
scrap; starch waste disposal. 


Write Dept. SP-23 for 
technical literature and 
samples of RHOZYME enzymes. 
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Profitable food products 
“GET- propelled” 


Fast-moving food items get their sales speed from satisfied customers 


who keep coming back for more. Helping processors of fine foods 
improve flavor and texture has been CLINTON’s business since before 
the invention of the shopping cart. More than 50 years of experience 
with products from corn is working on your side when you specify 
CLINTON CORN SYRUP, CORN STARCH, REFINED CORN OIL, LACTIC ACID and 


CLINTOSE BRAND DEXTROSE. 
Technical service 


always available 


CLINTON CORN PROCESSING COMPANY 


CLINTON, IOWA 
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The Recovery of Methyl Anthranilate in Concord 


Grape Essence 


(Manuscript received December 6, 1960) 


SUMMARY 

The making of a full-flavor dehydrated Concord grape 
juice requires a relatively high-fold essence. Essences on 
the order of 600- to 1000-fold produced by ordinary con- 
tinuous distillation techniques showed very high losses of 
methyl anthranilate, which is considered a major charac- 
teristic of Concord grape flavor. These losses could be at- 
tributed to losses in the bottoms stream from the distillation 
column as well as unaccountable losses over the system. 
Data are presented to show the mechanisms involved in 
the recovery of methyl anthranilate by distillation. This 
important constituent, with a boiling point of 512°F, can 
be removed from bottoms in an aqueous system because it 
is not completely miscible with water in all proportions. 
When making high-fold essence, however, the ethanol con- 
centration becomes so high in the enriching section of the 
distillation column as to render methyl anthranilate com- 
pletely miscible in all proportions. This prevents methyl 
anthranilate from rising above this point in the tower. 
A good essence is produced by combining a side stream 
high in methyl! anthranilate and an overhead product high 
in volatile esters and ethanol but deplete in methyl 
anthranilate. 


Tax DEVELOPMENT by Turkot et al. 
(1956) of a continuous process for full-flavor fruit- 
juice powders emphasized the need of recovering the 
volatile flavor constituents of the juice efficiently in 
a highly concentrated essence. The Eastern Utiliza- 
tion Research and Development Division, over 15 
years ago, first reported work on a process to recover 
volatile aromas from apple juice (Milleville and 
Eskew, 1944). Much work has since been published 
on producing 75- to 150-fold® essences used to 
restore natural aromas to 4-fold concentrates (Eskew 
et al., 1952) and to 7-fold concentrates (Eskew 
et al., 1952) of Coneord grape juice. The essence re- 
covery process (Claffey ef al., 1958) consists essen- 
tially of a rapid atmospheric evaporator and a distil- 
lation column. The distilling column concentrates the 
vapor from the evaporator, containing most of the 
volatile flavor constituents of the juice, to 75 or 150 
times the original concentration in the juice. Adding 
back the essence to the concentrate restores the natu- 
ral flavors and aromas. 

Returning natural flavors to a dehydrated product 
without adding excessive liquid, however, requires a 
much higher-fold essence, on the order of 1000-fold. 
Highly concentrated essences of about 1000-fold have 

* Present address: A. F. Murch Co., Paw Paw, Michigan. 

» Eastern Utilization Research and Development Division, 
Agricultural Research Service, U. 8. Department of Agri- 
culture. 

* Fold is the volumetric ratio of the juice feed to the re 
covered essence, i.e., one gallon of essence obtained from 150 
gal. of juice would be 150-fold. 


Norman F. Roger * 


Eastern Regional Research Laboratory,” 
Philadelphia 18, Pennsylvania 


been produced by redistilling a low-fold essence in a 
small continuous distillation column. For apple, 
cherry and strawberry essence results have been quite 
good. When the technique was applied to Concord 
grape essence, however, the typical Concord grape 
character was noticeably lacking. 

Analysis of the normal 150-fold Concord grape 
essences used to restore aromas to 7-fold concentrates 
has shown that recoveries of methyl anthranilate, long 
known to be a constituent of Concord grape flavor 
(Sale and Wilson, 1926) and a basis for military pur- 
chases of Coneord grape products (Military Specifica- 
tion, 1952), were only about 50% of that in the feed. 
Recoveries have been much lower in high-fold essences 
on the order of 1000-fold. It was hoped that an im- 
provement in the recovery of this constituent would 
considerably improve the quality of the essence. 

This paper reports a study of the distillation of 
methyl anthranilate in a complex system obtained 
from partial vaporization of Concord grape juice. 


MATERIALS AND ANALYTICAL PROCEDURES 


The methyl anthranilate and ethyl acetate used for analytical 
procedures and in the making of synthetic essences for distil- 
lation studies were obtained from Eastman Organie Chemi- 
eals Distillation Products Industries,* Rochester, New York. 
The methyl anthranilate was assumed to be 100%, and the 
assay for ethyl acetate was listed on the package as 99%. The 
ethanol used was 95% U.S.P. grade. All analyses were made 
with clear solutions. Analyses of juice and colored solutions 
were done on clear aliquots obtained from a quantitative dis- 
tillation of the juice. 

Methyl anthranilate analysis. Methy! anthranilate concentra- 
tions were estimated by the method prescribed in military 
specifications for Coneord grape-juice concentrate for beverage 
ise (Military Specification, 1952) except that the potassium 
salt of alpha-naphthol-2-sulfonie acid was used instead of the 
preseribed sodium salt. 

This is a spectrophotometric method that depends on the 
eolor developed when the methy! anthranilate is coupled with 
the naphthol. The absorbance of the solution was measured at 
490 mu with a Model B Beckman spectrophotometer. The con 
eentration of methyl anthranilate was determined by compar 
ing the absorbance obtained with that of a standard solution 
or by interpolation from a previously prepared standard curve. 

Volatile-esters analysis. The volatile esters were determined 
by an adaptation of the method of Thompson (1950) used by 
Walker et al. in work on strawberry juice (Walker et al., 1954). 
sy this method the esters are converted to the corresponding 
hydroxamie acids by reacting with alkaline hydroxylamine and 
then treating with ferrie chloride in acid solution. This gives 
colored ferrie complexes of hydroxamic acids. The absorbance 
of the colored solution is measured at 540 my and compared to 
a standard, 

Ethanol analysis, Ethanol! was determined by a colorimetric 
The method 
depends on the color produced by the reaction of ceric am 
monium nitrate with the alcohols. The absorbancy of the un 


method described by Reid and Truelove (1952). 


“Reference to certain products or companies does not imply 
an endorsement by the Department over others not mentioned. 


(| 
3 
| 
| 
| 
{ 
2 
q 
ag 
= 
309 


310 


known sample at 500 my is compared with that of a standard 
solution, or the concentration is determined by interpolation 
from a standard eurve. The method is most applicable when 
alcohol concentrations are low and when only a single alcohol 
is present. The latter requirement is not a serious problem in 
the analysis of grape juice or essence, because practically all of 
the aleohol is ethanol. 


EXPERIMENTAL DATA AND DISCUSSION 

Commercial Concord grape juice expressed from 
heat-treated grapes and detartrated by the usual set- 
tling methods contains 2-3 ppm of methyl anthrani- 
late and about 50 ppm of volatile esters determined as 
ethyl acetate. The ethanol concentration generally 
ranges from 0.05 to 0.10% but may be higher, de- 
pending on the history of the grapes. Ethyl acetate 
is 95% of the esters, and ethanol is 90% of the total 
organics. Various workers have reported traces of 
acetone, organic acids, higher alcohols, and some alde- 


. hydes, all of which no doubt contribute something to 


the over-all flavor (Holley et al., 1955). 
Methyl anthranilate, the methyl ester of ortho- 
amino-benzoie acid, is a colorless liquid. When dis- 


‘solved in ethanol and water, the solution has a blue 


fluorescent tinge. It boils at 266°C (512°F) at one 
atmosphere (Perry, 1950), and is only very slightly 
soluble in water. Chemically, it is quite stable, though 
solutions in ethanol and water take on a brownish cast 
if exposed to strong sunlight for long periods. 

Because of its high boiling point it is surprising 
that methyl anthranilate is concentrated in the dis- 
tillate rather than found in the bottoms or waste 
products of the distilling column. However, methyl 
anthranilate is only partially miscible in water, and, 
as with all partially miscible systems, a heterogeneous 
minimum boiling azeotrope with a boiling point below 
that of water is formed when a mixture of the two 
liquid phases is vaporized. 

Fig. 1 shows a typical boiling-point composition 
diagram for immiscible liquids. The upper solid lines 
show the vapor composition, and the lower lines the 
liquid. Point A represents the normal boiling point 
of pure methyl anthranilate at 512°F, and point B 
that of pure water at 212°F. The region between 
points a and b represents compositions forming two 


METHYL ANTH. 
~ 


SINGLE 


BOILING POINT *F (760mm) 


bot 
100 
A100 


COMPOSITION~ LIQUID OR VAPOR 
(MOLE %) 
Fig. 1. Typical boiling-point composition curve for immisci- 
ble liquids. (Only Points A, B, and b are known for a methyl 
anthranilate-water system. ) 
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liquid phases, while the areas to the left of a and to 
the right of b are regions of a single liquid phase. The 
composition at point b is about 8.6 X 10° mole per 
cent, or 7200 ppm of methyl anthranilate by weight. 
Starting with juice at 3 ppm, a 1000-fold essence 
might be as high as 5000 ppm, or about 14 the satu- 
ration concentration. Thus, in our distillations, con- 
sidering only the two components methyl anthrani- 
late and water, we are always working to the right of 
b and never encounter_the two liquid phase region. 
The vapor-liquid equiftbrium involved in this work, 
then, is only that portion of the curve to the right of b. 
Considering a liquid of composition I’ on boiling, at 
some temperature below 212°F, a vapor will be 
formed having composition v’. If this vapor is re- 
moved from contact with the liquid and condensed, a 
liquid will be produced with a higher methyl an- 
thranilate concentration than the starting liquid. Re- 
peating this process, as is done in a continuous dis- 
tillation column, and starting with a liquid whose 
composition lies to the right of b, it is theoretically 
possible to produce pure water as bottoms and a mix- 
ture of composition ¢ as a distillate. The practicality, 
however, of stripping the methyl anthranilate from 
the bottoms must be determined from knowledge of 
the vapor-liquid equilibrium of the binary solution. 
Vapor-liquid equilibria for methyl anthranilate and 
water in the miscible concentration range. The misci- 
ble concentration range of a solution of methyl an- 
thranilate and water at 178°F is less than 8.5 x 10+ 
mole fraction of methyl anthranilate. In these ex- 
tremely dilute solutions it can be expected that the 
concentrations of vapor in equilibrium with the liquid 
will follow Henry’s law. The equation describing the 
equilibrium relationship can be written as 


Y, =k X, 
in which 
Y, = mole fraction of the methyl anthranilate in 
the vapor 
X, = mole fraction of the methyl anthranilate in 
the liquid 
k = proportionality constant 


To avoid confusion it should be explained at this point 
that in this concentration range the high-boiling com- 
ponent acts as the low-boiler because the azeotrope has 
a higher vapor pressure than either of the pure com- 
ponents. The system could be thought of as a two- 
component system consisting in this case of pure 
water and the lower-boiling azeotrope (Fig. 1). 

In the ease of immiscible liquids the value of ‘‘k’’ 
must be obtained experimentally by obtaining vapor- 
liquid equilibrium values in the desired range of 
concentration. 

This was done with an Othmer equilibrium still 
(Othmer, 1928). The still was charged with about 
250 ml of a water solution containing 300 ppm 
(3.56 X 10° mole fraction) of methyl anthranilate. 
Boiling was continued for 1 hr before sampling at an 
evaporation rate equal to twice the volume of the 
sampling section, allowing the establishment of 
equilibrium between the vapor sample and the main 
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body of liquid. Samples of the condensed vapor and 
of the liquid from the still were taken almost simul- 
taneously. Subsequent samples of lower liquid con- 
centrations were obtained by draining off one quarter 
of the volume of liquid in the body of the still and 
replacing it with distilled water. 

The still was heated by immersing the glass heat- 
ing-loop attached to the still in an oil bath held at 
about 160°C. The upper part of the still was covered 
with asbestos paper and wrapped with an electrically 
heated mantle to maintain the outer glass jacket at 
100.0 + 0.5°C. Condenser water at 85°C minimized 
the sensible heat required to raise the condensate re- 
turn to the boiling point. The temperatures of the 
vapors leaving the still were 99.6-99.9°C, corrected 
to 760 mm, and were measured with a calibrated ther- 
mometer graduated to 0.1°C. The changes were so 
slight that they were considered beyond the accuracy 
of the experimental techniques, since slight super- 
heating of the vapors could have oceurred. The boil- 
ing point of these solutions was very close to that of 
water, and temperatures of 99.60—99.95 were observed. 

Fig. 2° is a log-log plot of the vapor-liquid equi- 
librium. Log-log paper was used because the data 
cover such a wide range of concentrations, i.e., from 
3 X 107 mole fraction to 3,570 X 1077 mole fraction. 

The resulting straight line (Fig. 2) may be written 
as the function 


log Y = m log X + log k 


Since the slope is unity, m is one, and, taking anti- 
logs, the equation becomes : 


Y=kxX 


which is a form of Henry’s law. This is the expected 
for such systems. The value of k that equals the value 
of Y when X is one on the log-log plot, is 3.33. This 
agrees with the average of the ratios of the composi- 
tion of vapor and liquid. A value of 3.33 for k means 
that a distillation column operating at total reflux can 
effect a stripping of more than 97% of the methyl an- 
thranilate from water in three theoretical steps. 
Other problems in the recovery of methyl anthrani- 
late. The work up to this point shows only that 
methyl anthranilate can be removed from the waste 
stream of the essence column by providing adequate 
stripping. Only part of the problem is solved, how- 
ever. Some material balances over a_ 1000-fold 
column, starting with a 75-fold essence, showed un- 
accountable losses of methyl anthranilate as high as 
50% of the feed. In other cases the high-fold product 
showed a concentration lower than that of the feed. 
To investigate these conditions, work was continued 
with a model system consisting of an aqueous solution 
of methyl anthranilate and ethanol. The solution 
used as feed to the high-fold continuous distillation 
tower approximated a 75-fold Concord grape essence 
and contained 60 ppm of methyl anthranilate and 50 
g/L of ethanol. The tower, a 1-in. ID glass tube 
packed with protruded stainless-steel packing, size 
0.16 x 0.16 in., purchased from the Scientific Develop- 


* Tables of data for all plots are available on request. 
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Fig. 2. Vapor-liquid equilibrium, methyl anthranilate and 
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ment Company, State College, Pennsylvania, was fed 
liquid at the boiling point at about 15 ml/min. The 
electrically heated reboiler was operated to vaporize 
15 ml/min (equal to the feed rate) while an overhead 
product was removed at about 1-1.5 ml/min. Several 
runs were made under the same conditions except that 
the overhead product rate was varied in order to 
change the fold of the ‘‘essence.’’ The fold ranged 
from 650 to 1120 and resulted in distillates of vary- 
ing ethanol concentrations. It was noted that accom- 
panying low ethanol concentrations in the overhead 
was a rather high methyl anthranilate recovery, while 
high ethanol concentrations resulted in very poor 
recoveries. Fig. 3 is an arithmetic plot of the re- 
eoveries of methyl anthranilate against the ethanol 
concentration of the essence. Below 50-55% ethanol 
concentration, methyl anthranilate recovery was 
rather high and probably limited only by the effi- 
ciency of the stripping section of the column. With 
ethanol concentrations above 60%, however, the re- 
covery of methyl anthranilate decreased rapidly. These 
data suggest a discontinuous function. Apparently, 
two independent physical laws are represented. Go- 
ing back to Fig. 1, the boiling-point composition dia- 
gram for methyl anthranilate and water, and recalling 
that methyl anthranilate can be expected to rise in a 
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Fig. 3. Reeovery of methyl anthraniliate versus ethanol con- 
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distillation column only because it is miscible in the 
solvent at certain concentrations, it seems logical to 
assume that, should the methyl anthranilate encoun- 
ter concentrations of ethanol and water in which it is 
completely miscible in all portions, the boiling point 
composition curve would follow a normal temperature 
composition diagram represented by the dotted lines 
in Fig. 1. This being the case, if a liquid of coneen- 
tration ‘‘l’’ is boiled, then the composition of the 
vapor would be represented by v, which is less con- 
centrated in methyl anthranilate. Therefore, under 
these conditions, the methyl anthranilate, with its 
high boiling point, would quickly diminish in the 
rising vapor in the column above the point where 
miscibility in the solvent is complete. Since the 
methyl anthranilate is stripped from the bottoms, and 
since at high ethanol concentrations it cannot leave 
the top of the tower, it must then be trapped in the 
enriching section of the column. Because the concen- 
trations of methyl anthranilate involved are so min- 
ute, the loss would be too slight to be noticed by an 
over-all material balance. Only the methyl anthrani- 
late balance would be affected. 


Determination of the binodal curve for the system 
methyl anthranilate, ethanol and water. To prove this 
thesis and to throw further light on the physical 
properties of the system, the solubility of methyl an- 
thranilate in ethanol-water solutions was determined 
at 81°C. This temperature was selected on the basis 
of Fig. 3. It is the boiling point of a 55% ethanol- 


water solution that seems to be the approximate con- 
centration in which methyl anthranilate is completely 
miscible in all proportions, The data were obtained 
by alternately titrating water and ethanol into a 
weighed quantity of methyl anthranilate using the 
resulting cloudy and clear solutions as end points. 
About 50 g of methyl anthranilate were placed in a 
large test tube fitted with a three-hole rubber stopper. 
A thermometer graduated into 0.1°C was immersed in 
the solution and was surrounded by a glass stirring 
rod that could be raised and lowered to agitate the 
solution. The third hole was used to insert the tip of 
either the water- or ethanol-containing burette for 
titration. The test tube was placed in a constant- 
temperature water bath and held to 81.0 + 0.1°C. By 
alternately adding water until a slightly cloudy solu- 
tion remained and then adding ethanol until a clear 
solution resulted, the binodal curve for the system 
was traced. After each end point was reached, an 
excess of the liquid was added to obtain a new point 
by back-titrating to the cloudy or clear end point, 
whichever was the case. This resulted in points on 
both sides of the curve, thereby compensating for 
errors for each type of end point. The points at zero 
ethanol concentration were obtained from a mixture 
of distilled water and methyl anthranilate. After 
holding this mixture in the water bath for several 
hours with intermittent agitation to establish equi- 
librium between the lower methyl anthranilate phase 
and the upper water phase, samples were taken of 
each layer. The water phase was analyzed for methyl 
anthranilate by the standard method, and the water 
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Fig. 4. Solubility of methyl anthranilate in ethanol and 
water at 81°C, 


content of the methyl anthranilate layer was obtained 
by the Karl Fisher method. Similarly, as a check on 
the curve itself, a tie line was obtained by analysis of 
the upper water layer and lower methyl anthranilate 
layer of a mixture of methyl anthranilate, water, and 
ethanol whose composition was within the binodal 
curve. 

Fig. 4 is a three-component diagram showing the 
binodal curve for the system. The tie line, deter- 
mined independently as a check on the curve, is also 
shown. The region within the curve represents com- 
positions of the three components that form two liquid 
phases. The compositions of solvent (ethanol and 
water) in which methyl anthranilate is completely 
miscible in all proportions lies on any line that passes 
through the apex representing pure methyl anthrani- 
late and does not touch the two-phase region bounded 
by the binodal curve. The minimum composition of 
ethanol and water for complete miscibility in all pro- 
portions is determined, then, by the line passing 
through the pure methyl anthranilate point and an 
infinitesimal value above the tangent to the binodal 
eurve. This line, drawn in Fig. 4, shows that the 
minimum ethanol-water concentration for complete 
miscibility in all proportions is about 60% ethanol. 

Recovery of methyl anthranilate by distillation. 
With this knowledge in mind, the small, 1-in. glass 
tower packed with protruded stainless-steel packing, 
described earlier, was modified by providing a side- 
stream drawoff at a point 10 in. of packing below the 
top of the tower (Fig. 5). The column now had a 
stripping section of 56 in. of packing, and an en- 
riching section of 29 in. 

Trial runs were quite successful with a synthetic 
75-fold essence containing 57 mg/L of methyl an- 
thranilate and 5% by weight of ethanol. The methyl 
anthranilate balance over the tower was greatly im- 
proved. By withdrawing a side-stream, methyl] an- 
thranilate concentrations were collected as high as 
1500 mg/L, a concentration that had never been at- 
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TRY D&O’s DOLCOSEAL ONION & DOLCOSEAL GARLIC 


These Advantages —— Fresh Oil Flavor Instant Solubility Non-Hygroscopic 


DOLCOSEAL ONION AND GARLIC are The flavor and aroma are that of natural 


spray-dried products made from pure, natural onion and garlic and are instantly available, 
oil, of a quality available only from D&O. requiring no time for leaching out. In most 
Equal in flavor strength to dehydrated onion applications, starting recommendations call 
and garlic, their stability and storage life far for use of one pound of DOLCOSEAL ONION 
exceed that of the former. They are instantly or GARLIC to replace one pound of dehy- 
soluble in water, and non-hygroscopie (will drated material. 


not eake in storage or ball up in a slurry). 


Send your request for copy cf the DOLCOSEAL ONION & GARLIC brochure 
to the D&O Dry Materials Division, 249 Goffle Road, Hawthorne, N.J. 


FLAVOR BASES 
ESSENTIAL OILS 
AROMATIC CHEMICALS 
DRY FLAVORINGS 
AND SEASONINGS 


DODGE & OLCOTT, INC. 


MANHATTAN INDUSTRIAL CENTER 
SEVENTY-FIVE STH AVE. NEW YORK 11, N.Y. 
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Morningstar-Paisley is the country’s foremost supplier 
of potato starch and the major importer of food tapioca 
and arrowroot. Modern production facilities are used to 
process highest quality refined and pregelatinized food 
starches to meet all requirements. 

REDISOL®, FRUITFIL®, TENDERFIL, and FREEZIST® 
are Morningstar-Paisley food starches used by quality- 
conscious bakeries, canned food, frozen food and food 
specialty processors from coast to coast. 

You will profit by knowing them better. 


Ches 


Morningstar-Paisley is the nation’s leading source for 
food-quality water soluble gums—Gum Arabic, Gum 
Karaya, Gum Tragacanth, Locust Bean Gum, Guar 
Gum, Agar-Agar, and Okra Gum. We select, sort, 
grind, blend, and refine them into function-serving 
ingredients for the food and beverage industry. 

The stabilizing, water holding and thickening prop- 
erties of these natural gelling agents are depended 
upon by major food processors. Morningstar-Paisley 
can be depended upon to supply them. 

You will profit by knowing us better. 


Ask about Morningstar-Paisley’s complete line of food 
starches, flours and gums. Tell our Food Technologists 
about your special requirements for thickening, binding 
or emulsifying. Write direct to... 


MORNINGSTAR-PAISLEY, INC. 


630 WEST Sist STREET, NEW YORK 19, WN. Y¥. 


Cook-up and precooked starches from tapioca, potato, 
arrowroot. Water soluble gums, stabilizers, emulsifiers. 


Offices in 28 principal cities from coast-to-coast. In Canada: Morningstar-Paisiey of Canada, Ltd., Toronto 
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Fig. 5. High-fold distillation apparatus. 


tained previously with Concord grape essence. The 
methyl anthranilate concentration in the overheads 
was quite low. High ethanol concentration on the 
order of 90% in the overhead product reduced the 
methyl anthranilate concentration to a mere trace, 
sometimes too low for accurate analysis. 

These runs showed a recovery of 70-75% of the 
methyl anthranilate in the combined side stream and 
overhead of the column, with 20-25% remaining in 
the bottoms. 

With this success the production of a 1000-fold 
natural essence was attempted with a 75-fold essence 
produced from an essence recovery unit (Eskew et al., 
1959). This essence was particularly good in that it 
contained 175 mg/L of methyl anthranilate, 3000 
mg/L of volatile esters, and 4% ethanol. The feed 
rate to the column was 15 ml/min, the side stream was 
removed at 0.75 ml/min, and the overhead was col- 
lected at 0.25 ml/min. 

With this technique, 70% of the methyl anthrani- 
late was found in the side stream, and only 2% in 
the overhead product. The side stream contained 
35% ethanol and 2400 mg/L of methyl anthranilate. 
As would be expected, each stream separately lacked 
the full character of the Concord grape flavor; a 
noticeable improvement resulted when the two streams 
were mixed to give the 1000-fold essence. 


In this ease the over-all yield to the 1000-fold 
essence was 60% of the methyl anthranilate in the 
single-strength juice. With 14% remaining in the 
concentrate, the reconstituted juice contained 74% 
of the methyl anthranilate in the juice. There was a 
20% loss to the bottoms of both the 75-fold and 1000- 
fold tower. The 6% remaining is unaccounted for 
and includes errors and handling losses. 

These data show the importance of stripping effi- 
ciency in both the essence-recovery unit-distillation 
column and the high-fold tower. In the usual pro- 
duction of 75- or 150-fold essence now being produced 
commercially, the methyl anthranilate should be 
readily recovered as overhead product since the 
ethanol concentration is always far below the critical 
concentration of 55-60% by weight. The losses experi- 
enced are thus due only to the inefficiency of the strip- 
ping section of the column. 

It is interesting to note that the case of the volatile 
esters seems quite different. In the overhead product 
of the high-fold tower for this run, 74% of the vola- 
tile esters were collected, with a concentration of 
85,000 mg/L, whereas the side stream had only 2%, 
with a concentration of 1744 mg/L. The over-all re- 
covery of the volatile ester is about the same as the 
methyl anthranilate. Again, losses seem to be due 
only to inefficient stripping in both the low-fold and 
the high-fold columns. It should be pointed out that 
the volatile esters are also solvents for methyl an- 
thranilate and doubtless have the same effect in the 
high-fold tower as the ethanol. For this reason the 
critical ethanol concentration may vary in the multi- 
component system represented by natural juice 
essence from the 60% determined with the model 
three-component system. 


CONCLUSIONS 

This study shows the importance of ethanol concentration 
in recovery of the volatile constituents of Concord grape juice 
by distillation techniques. Methy! anthranilate, a high-boiling 
component of Concord grape juice that gives it much of the 
characteristic flavor, can be reeovered by distillation because 
it is not miseible in all proportions with water. When making 
low-fold essences, where ethanol coneentrations are always far 
below the critical range, losses are due only to low stripping 
efficiency of the essenee column. When higher-fold essences 
are produced, however, the ethanol concentration increases to 
the point where the methyl anthranilate becomes completely 
miscible with the essence, and under these conditions the methyl 
anthranilate must be removed from the column by withdrawing 
a side stream from the enriching section of the tower. 
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Processed Peas 


(Manuscript received May 18, 1960) 


SUMMARY 


Stabilization of peas with a high-temperature short-time 
process (HTST) has shown much promise in retaining 
color and flavor. Recent work has indicated it requires a 
more severe HTST process to inactivate enzymes than to 
sterilize peas using such a process. Peroxidase activity and 
color were determined at various times over a 4-week storage 
period on peas processed at 230-280°F. The lethality re- 
quired to inactivate the enzymes was 10 times as great at 
280 as at 250°F. Color was found to be better at higher 
process levels for the first two weeks, but at the end of 4 
weeks storage all retort samples had about the same color. 


short-time 
(HTST) sterilization in thermal processing has at- 
tracted much attention. One of the limiting factors 
for peas is inactivation and subsequent regeneration 
of heat-activated enzymes. Farkas et al. (1956) 
studied the regeneration of peroxidase in peas at 
temperatures used in normal and HTST procedures. 
They reported the heat-inactivation curve for peroxi- 
dase indicated an F, of 6 and a z of 48 between 100 
and 150°C (212 and 312°F). Their data indicated 
that an F, of 100 at 140°C was necessary to com- 
pletely destroy peroxidase. Schwimmer (1944) re- 
viewed early investigations on regeneration of en- 
zymes, primarily peroxidase. He worked on enzyme 
systems in turnip juice and found that regeneration 
was a function of the heating rate. Reddi et al. 
(1950) studied the peroxidase activity in apple juice 
and reported the activity was regenerated after 20 
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hours of incubation when the samples were heated to 
80°C. Kaplan et al. (1949) obtained z and F values of 
ascorbic acid oxidase and peroxidase of acid foods. 
The enzymes in such foods appeared to have low ther- 
mal resistance. Nebesky et al. (1959) worked on the 
thermal destruction and stability of peroxidase in 
acid foods. Increasing the sugar content in acid foods 
decreased the z value, but inereased the F value. 
Adding vinegar decreased the F value but left the z 
value unchanged. 

Guyer and Holmquist (1959) evaluated the HTST 
principle for canned peas. They discovered that off- 
flavors and odors developed at high temperatures with 
substantially high sterilization values. McConnell 
(1956) reviewed the literature on inactivation of en- 
zymes and reported z values for peroxidase of 52 and 
66.5 in peas and lima beans. He indicated that a 
process temperature up to 121°C would destroy spoil- 
age organisms and peroxidase enzymes. Above this 
temperature, processes sufficient to destroy bacterial 
spores would not inactivate the enzymes. 

Gold and Weckel (1959) carried out experiments on 
the degradation of chlorophyll to pheophytin during 
the heat processing of canned peas and pea puree. 
They concluded that the degradation followed first- 
order-reaction kineties. There appeared to be a 
close correlation between the hue of the color and 
extent of degradation of chlorophyll. Blair and Ayres 
(1943) developed a procedure to protect the natural 
green pigment in canned peas. They added sufficient 
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alkali to protect about 60% of the chlorophyll of peas 
against conversion to pheophytin. 

It was felt that both color and enzyme inactivation 
in peas in HTST processing should be pursued fur- 
ther. Such a study should include the effects of stor- 
age on the color and enzyme systems of peas. 


EXPERIMENTAL METHODS 


Fresh peas were obtained from the local market, and 10 g of 
unblanched whole peas and 5 ml of tap water were sealed in 
thermal death-time cans (208006). The cans were processed 
in standard thermal death-time retorts for times and tempera- 
tures presented in Table 1. Quick-opening valves permitted 
come-up times of less than 10 see and equal time for b'ow 
down and cooling-water contact. 

The processed samples were then stored at ambient tem 
peratures. Peroxidase activity and color were determined 
periodically. 

Peroxidase activity. All the samples were analyzed for color 
and enzyme activity (peroxidase) after 0, 1, 2, and 4 weeks 
of storage. The sample of peas in water was macerated 3 min 
with a mortar and pestle. The puree was then filtered through 
a cotton milk filter. Two ml of the filtrates were added to the 
20 ml of distilled water in a test tube. Then 1 ml of 0.5% 
guaicol solution with 1 ml of 0.08% hydrogen peroxide was 
added. The contents were then mixed thoroughly by inverting 
the test tube. If a color developed within 3% min, the test 
was considered positive for peroxidase. 

Color measurement. For color determination a sample of 
peas was ground 3 min with a mortar-.and pestle. The pea 
puree was transferred to a special eup (1%g-in. diameter and 
e-in. height) used for color determinations. The reflectance 
was measured by a Beckman Model DU spectrophotometer at 
various wavelengths from 530 to 670 mu. The standard of 
whiteness to calibrate the instrument to 100% reflection used 
caleium earbonate in the eup. 


RESULTS 


Caleulations were made to obtain the process lethality of the 
process under the conditions used. Table 1 gives sterilization 
values (F.) for all samples. Enzyme inactivation at the dif 
ferent retort temperatures was plotted on semilog paper (Fig. 
1). The slope of the line (z) was found to be 67°, a tenfold 
dlecrease in time necessary to destroy the enzyme for every 
67°F inerease in temperature. Kaplan et al. (1949) obtained 
a z value of 37° for peroxidase in peaches with 50% sugar 
added. Enzyme destruction is a chemical reaction; many 
chemical reactions have z values on the order of 60°F, closely 
approximating the value found for peas. As contrasted to 
enzyme destruction, most bacterial spore-destruetion curves 
have z values approximating 18°F. Thus, destruction rate 
increases with rising temperature much more rapidly for bae 
terial spores than for enzymes. For example, a 67°F tempera- 
ture rise, which increases enzyme destruction rate ten times, 
will increase more than 5,000 times the destruction rate of 
bacterial spores having a z= 18. Fig. 2 shows enzyme destruc- 
tion processes at different retort temperatures, calculated on 
the basis of F250. This suggests that at elevated tempera- 
tures the lethality (F) must be quite high in order to inacti- 
vate the enzymes. As an example, 3 min at 137.8°C with an F 
value of 102 was necessary to inactivate the enzymes, whereas 
10 min at 121.1°C was necessary with an F vyaiue of 9.2. The 
example represents chemically equivalent processes, since they 


Table 1. Process lethality (F.) for various experimental process times (min) at various retort temperatures, °F (°C). 


230 (110) 240 (115.6) 250 (121.1) 


Time Time Time 


were just sufficient to destroy the enzymes (Fig. 3). Because 
of the smaller z for bacterial destruction, the processes are not 
bacteriologically equivalent, and the high-temperature processes 
have much higher lethality than the low-temperature processes. 

Normally, a process for canned peas requires a lethality (F) 
of 9.0, disregarding retort temperature for sterilization. 
Processes at higher temperatures having an F. =9 are satis- 
factory for destruction of bacteria but completely inadequate 
to destroy the enzymes in peas. Table 2 presents the data 
obtained on enzyme peroxidase in peas subjected to various 
process conditions and storage times. In some cases, regener- 
ation was found after 4 weeks at 121.1°C. 

It was found that processing peas at high temperatures fol- 
lowed by processing at low temperature improved the color 
immediately after processing, but color degradation took place 
after a few weeks of storage. 

Color determinations were at wavelengths of 530, 540, 580, 
610, 630, and 670 mu. The wavelengths for various colors are, 
in mu: blue (470), green (520), yellow (580), orange (600), 
and red (650). The per cent reflection was measured after 0, 
1, 2, and 4 weeks at ambient temperatures. For brevity, Figs. 
4, 5, 6, and 7 respectively show only the processes of 18, 15, 9, 
and 3 min at 110°C, 

In most eases, after the four-week period the yellow color 
was more predominant. In general, the HTST processes re- 
sulted in a more yellow reflection than at the lower retort tem 
peratures. After four weeks’ storage, green reflection was 
the same for 110°C as for 137.8°C. 


DISCUSSION 


Enzyme inactivation at processes up to 137.8°C 
substantially confirms the findings of Guyer and 
Holmquist (1959), although they processed peas only 
up to 126.7°C. The z value obtained from Fig. 1, re- 
lating to the time-temperature necessary to inactivate 
peroxidase, appears to be somewhat higher than that 
in the literature. It was impossible to predict the 
exact process conditions to destroy the enzymes, and 
Fig. 1 therefore presents bars (rather than points), 
indicating the range of destruction time and tem- 
perature. 

Based on the findings in Fig. 2, the lethality neces- 
sary to inactivate peroxidase at high temperature is 
much greater than that to sterilize the product. From 
a quality standpoint, HTST process produces a bet- 
ter flavor and color. One min at 137.8°C is required 
for sterilization and 3 min for enzyme inactivation. 

The data in Fig. 3 show that the various process 
conditions used to inactivate enzymes were chemically 
equivalent, based on an F®'250. Again, bars repre- 
sent the range in lethality values since the process 
conditions did not result in a specific condition to 
destroy the enzymes. Further work would be neces- 
sary to bracket the destruction of enzymes to one time 
and temperature. 

The lethality values (fF) are found in Table 1 cor- 
recting for the lag time using 0.8 min. Sognefest and 
senjamin (1944) reported that pea puree needed a 
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correction time of 0.9 min in thermal death-time tubes 
and 1.7 min in thermal death-time cans. 

Enzyme regeneration was noted after two weeks in 
peas processed 15 min at 115.6°C and 3 min at 
137.8°C. There appears to be some correlation be- 
tween color and enzyme regeneration, since the color 
peaks after two weeks storage were higher for 12.5 
min at 115.6°C than for 15 min at 115.6°C. The same 
situation was noted at 137.8°C. The presence of the 
enzyme affected the flavor and color in the above 
samples. There is no clear understanding of the rela- 
tionship between the enzyme and color of peas 
processed under various conditions and held in stor- 
age. It might be possible that action or presence of 
oxygen may influence color degradation in the peas 
stored. 

The color changes are noted in Figs. 4, 5, 6, and 7 
for peas processed at 110°C. The yellow was predomi- 
nant after 4 weeks, except for the process of 15 min. 
The green dropped off except for the process of 3 min. 
In the final analysis the HTST processes appear to 
have about the same color after 4 weeks. The opti- 
mum time and temperature suggested for stabiliza- 
tion of color and sterility would be 9.6 min at 122°C, 
the point where the curves for sterilization and for 
stabilization cross. This indicates the minimum 
process for sterilization and enzyme inactivation. 


Table 2. Enzyme activation* after various storage periods 
(weeks) from processing at various temperatures (°F) for 
various times (min). 
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Fig. 1. Heat inactivation of peroxidase in peas in 208006 ean. 
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Fig. 2. Process conditions necessary to destroy peroxidase in 
unblanched peas. 
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BUILDS SALES... yet never costs a penny! 


Food manufacturers satisfied with only the finest 
quality ingredients have for decades been using 
STERWIN (1) color, (2) enricumentand(3) vanillin. The 
result has been ice cream, baked goods, candy, bev- 
erages (and many other food products) that look 
better, taste better . . . sell better! 

STERWIN’'s 4th “ingredient’’ has played a major 
role, too, in much of this sales success . . . and never 
cost a penny! For this “‘ingredient’’ is STERWIN Serv- 
ice . . . practical suggestions and recommendations 
by STERWIN’s Technically Trained Representatives 
that frequently cut production costs while helping 
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Subsidiary of Sterling Drug inc. 
1450 Broadway, New York 18, N.Y. 


turn out better selling food products. 

These STERWIN Representatives are highly trained, 
broadly experienced men who constitute a nation- 
wide, on-the-spot task force for the more efficient 
production of food products. Small, medium and 
large food manufacturers have saved time, money, 
labor as a result of the sound advice and counsel 
offered by these sales-minded technicians. 

If you use color, vanillin, enrichment . . . see your 
STERWIN Representative or write us direct. Learn 
how the 4 STERWIN ingredients can help your prod- 
ucts look better, taste SELL better. 


Uy 


316A 


44 
| 
aor] 
| 
an 
|| 
| 
3 
|. 
a8 
4 
} 4 
ae 
| 
| 
| 
} 
q 
| 
i 
{ 
| 
— 


When packaging developments hinge on chemistry 


All matter is composed of elements — usually two or 
more of them in a molecule or compound. Through 
chemical science, man can isolate the elements, then 
combine, rearrange or transform them for new useful- 
ness. That is why the chemist is an indispensable man 
on the scientific team at Continental’s big new Metal 
Division Research and Development Center. 

On behalf of canners, Continental chemists formulate 
coatings and sealing compounds to protect metal-packed 
products against changes in color or flavor. They study 
relationships in the chemical and physical behavior of 
these substances, break them down into their constitu- 
ents, and determine their extractability by the product. 


Continental customers get them first 


Utilizing controlled temperature facilities which range 
from —40° F. to +130°F., they conduct extensive storage 
tests to determine container-product compatibility. High 
polymer chemistry is emphasized in a current project to 
develop adhesives for cemented side seam cans that will 
withstand high temperature processing, while electro- 
chemistry is being utilized to determine the corrosiveness 
of products and develop techniques to eliminate the cor- 
rosion problem. 

Few canners could maintain the elaborate and expen- 
sive equipment available to Continental chemists. But 
this equipment and the know-how that goes with it are 
always working for you as a Continental customer. 


Eastern Division: 100 E. 42nd St., New York 17 


Pacific Division: Russ Bidg., San Francisco 4 


(€ CONTINENTAL CAN COMPANY | 


316B 
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Fig. 3. Temperature versus equivalent process lethality for 


destruction of peroxidase in peas. 
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Oxidative Rancidity in Cooked Mullet*’ 


SUMMARY 


The muscle lipids of mullet begin to oxidize very rapidly 
after cooking, as shown by increases in TBA number and 
rancid odors. Intensity of the reaction appears to be greater 
in tissues containing large quantities of lipids and heme 
pigments than in tissues containing lesser amounts. The 
oxidative reaction is retarded by limited oxygen supply and 
by low (freezer) temperatures, but was not completely in- 
hibited under the conditions studied. Inhibition was more 
complete from the antioxidant mixture sodium tripolyphos- 
phate and sodium ascorbate, either alone or in combination 
with curing salts. 


Oxwarnve RANCIDITY has been 
shown to be responsible for the stale or rancid off- 
odors and -flavors that develop during the storage of 
uncured cooked meats (Tims and Watts, 1958). The 
lipid fractions primarily involved in the oxidative 
reaction are proteolipids and phospholipids, rather 
than triglycerides (Younathan and Watts, 1960). 
Since many fishery products are pre-cooked and then 
frozen, dehydrated, or experimentally irradiated, in- 
formation is needed on the oxidative reaction and 
methods of control. 

Rancidity in meat results from the oxidative de- 
composition of unsaturated fatty acids. This process 
may be catalyzed by the ferric heme pigments of un- 
eured cooked meat (Younathan and Watts, 1959). 
The percentage of unsaturated fatty acids in fat is 
larger in fish than in meats. The concentration of 
unsaturated fatty acids in both meats and fish is 
highest in the phospholipid and proteolipid fractions 
(Lovern, 1956a; Reiser ef al., 1960). The triglycer- 
ides, however, are appreciably more unsaturated in 
fish than in meats (Lovern, 1956b). Heme pigments 
are present in fish, though mainly in the lateral band. 
Consequently, it seems logical to expect an oxidative 
reaction of the same intensity as in meats, or greater, 
especially in the tissues of the lateral band. 

Control measures of use with other products may be 
suitable for cooked fish. In previously reported ex- 
periments on ground meat, sodium tripolyphosphate 
and sodium ascorbate added to the raw meat gave 
complete protection from oxidative changes during 
the refrigerated life of the cooked product (Tims and 
Watts, 1958) and during extended storage of irradi- 
ated meats (Tarladgis ef al., 1959). The addition of 
curing salts may be another control measure. There is 
a marked difference in the rate of lipid oxidation in 
eured and uneured cooked meats (Younathan and 
Watts, 1959). Regulation of the amount of oxygen 
in the storage medium may be useful also. Tarr 
(1948) observed that storage of frozen raw fish in 
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high partial pressures of carbon dioxide and nitrogen 
prevented fat oxidation and organoleptically de- 
tectable rancidity. 

The work reported herein was designed to determine 
the significance of oxidative rancidity as a spoilage 
mechanism in cooked mullet (Mugil cephalus), and to 
investigate the effect on such oxidation of antioxi- 
dants, freezing, oxygen limitation, and curing salts. 


METHODS 


Source of fish. All of the mullet used in this study were 
purchased on the local market. Care was taken to seeure only 
fresh specimens that were filleted, skinned, and trimmed at the 
market. The fish were refrigerated for the short interval be 
tween purchase and processing. 

Treatment. All of the fish were ground once, with Ward’s 
Electric Food Chopper, Model VGS-5169A. The ground fish 
was mixed thoroughly by hand in order to obtain a homogene 
ous product. About 175-g portions of the ground fish were 
placed into 307 X 113 C-enameled cans, which were sealed im 
mediately. The cans were placed in a boiling water bath and 
cooked until internal temperature was 70°C (about 20 min). 
The cans were cooled in a running water bath. Unless other- 
wise specified, they were then opened and the contents placed 
in bowls, which were eovered with aluminum foil and refriger- 
ated (5-7°C). About 30 ce of air was present in each can of 
cooked fish. This was determined by measuring the volume of 
water necessary to fill the can completely. 

Tissue lipid oxidation. The 2-thiobarbiturie acid test (Tar- 
ladgis et al., 1960) was used to measure tissue lipid oxidation 
during various storage periods. Duplicate determinations were 
made, and the average was reported as the ‘‘TBA number,’’ 
i.e., mg of malonaldehyde per 1000 g of fish tissue. 

Organoleptic evaluation. A panel of judges rated the intensity 
of rancid odor on the following seale: not detectable, just de 
tectable, moderate, moderately strong, strong, and very strong 
(Caul, 1957). Numerical values of 6-1 (from not detectable to 
very strong) were assigned to the ratings given by the judges, 
and average sensory scores were calculated. The statistical 
significance of differences in average sensory scores among 
samples tested at one time by the same group of judges was 
evaluated by the Wileoxon matehed-pairs signed-ranks test 
(Siegal, 1956). Differences were considered highly significant 
at a level of 0.01 or less, significant at levels of 0.01—0.05, and 
not significant at levels greater than 0.05. 


EXPERIMENTAL RESULTS 


Lipid oxidation in mullet tissues. This experiment was de 
signed to determine the rate of lipid oxidation in mullet tissues 
in order to compare the results with each other and with those 
obtained with meats in this laboratory. To determine the rates 
of oxidation in the light and dark tissues of the fish, it was 
necessary to separate the tissues. The heavily pigmented lateral 
band was removed as completely as possible with a paring 
knife. The dark tissue, remaining light tissue, and intact fillets 
from the same purchase of fish were ground separately, using 
attachments for the Kitechen-Aid mixer, Model 3-C. The ground 
tissues were processed and stored as described. The TBA test 
was performed on all samples every second day over a 12-day 
storage period. The results are plotted in Fig. 1. The lipid 
content of the tissues was determined by the method deseribed 
by Foleh et al. (1951). The dark tissue contained 6.5% lipids; 
light tissue, 2.9% ; and intact fillets, 2.3%. 
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TBA NUMBERS 
@ 


(MG. MALONALDEHYDE / 1000 G. FISH TISSUE) 


> 


24 6 8 0 2 4 
DAYS OF STORAGE 


Fig. 1. TBA numbers of mullet tissues. A) 
B) whole mullet; C) light tissue. 


Dark tissue; 


The maximum TBA numbers reached after about 8 days of 
storage were about 40 for the ground mullet fillets and 20 for 
the light tissue. TBA numbers for ground beef heated to the 
same internal temperature have been around 10 (Florida State 
Univ., unpublished), and those for sliced roast beef have 
reached a maximum of about 20 (Chang et al., 1961). Com 
parison of these data clearly indicates an extremely intense 
oxidative reaction in mullet flesh, even in the almost complete 
absence of the lateral band. The reaction is more intense in the 
dark tissue, with a large content of lipids and heme pigments. 

Antioxidants. This experiment was designed to determine 
the effect of sodium tripolyphosphate and sodium aseorbate on 
the rate of lipid oxidation in ground mullet fillets. The respee- 
tive proportions used were 0.5% and 0.22%, of the weight of 
fish. The salts were thoroughly mixed with each other and 
added to the fish in the dry state. This treated sample and an 
untreated control from the same mixed lot of fish were 
processed as described and stored in the cans at refrigerator 
temperatures. After two and five days of storage the TBA 
numbers were determined and the samples were organolepti 
cally evaluated. 

The data in Table 1 demonstrate that the antioxidant com- 
bination has a definite protective effect against the off-odors 


Table 1. Effect of antioxidants on TBA numbers and sen- 
sory seores of cooked mullet. 


Storage (days) Treatment TBA Score (av.) 


2 Antioxidant 0.3 
No antioxidant 6.9 
5 Antioxidant 0.4 
No antioxidant 9.2 


and high TBA numbers associated with oxidative rancidity. 
The panel of judges had little difficulty in reeognizing the 
rancid odor, though the group had no previous experience with 
mullet. The differences in average sensory scores are highly 
significant for both storage periods. Average sensory scores 
are definitely related to TBA numbers, similar to the observa- 
tion of Tims and Watts (1958) with cooked ground meats. 

A modified type of evaluation was carried out with fish pre- 
pared in the same way and stored at freezer temperatures 
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(—25°C). Samples, with and without antioxidants, that had 
been frozen for 176 days were thawed and presented to the 
panel. The judges were asked to select the sample they pre- 
ferred and to deseribe the odor of both samples. Ten of twelve 
panelists preferred the treated sample (TBA 0.7) over the un- 
treated fish (TBA 2.1). The odor of the treated sample was 
described as a ‘‘fresh fish’’ odor by the majority of judges. 
The odor of the untreated sample was described as ‘‘like eod 
strong. 


liver oil,’’ ‘‘painty,’’ ‘‘ washed out,’’ and ‘*‘ 

Oxygen limitation. The TBA numbers obtained in the pre- 
ceding experiment with refrigerated mullet stored in the ean 
were lower than those obtained in the first experiment where 
the cooked flesh was exposed. It appeared that lack of oxygen 
was possibly inhibiting the oxidative reaction to a large 
degree. 

To test this hypothesis, 15 cans of untreated mullet were 
processed as described. Three cans of fish were opened and 
turned into a large bowl, which was then covered and refriger- 
ated. The TBA test was performed on both canned and ex 
posed samples daily for twelve days. The same experimental 


procedure was followed with canned and exposed samples of 


mullet to which the antioxidant combination of sodium asecor- 
bate and sodium tripo!yphosphate had been added. All results 


are in Fig. 2. 


TBA NUMBERS 
(MG. MALONALDEHYDE / 1000 G. FISH TISSUE) 


2345678690 il 
DAYS OF STORAGE 


Fig. 2. The effect of oxygen availability on TBA numbers 
of treated and untreated mullet: A) No antioxidants, unlimited 
oxygen; B) no antioxidants, limited oxygen; C) antioxidants 
(solid dots represent canned samples, open circles exposed 


samples). 


Lipid oxidation in untreated cooked mullet is greatly affected 
by oxygen availability. TBA numbers were 6-7 times as great 
for exposed samples as for canned samples. Lipid oxidation 
did not oceur in the antioxidant-treated fish. The numbers 
obtained from the canned and exposed samples did not differ 
markedly. For this reason, both sets of data are represented 
by a single line. 

Storage temperature. For study of the effect of storage 
temperature on rate of lipid oxidation, canned samples from 
the same mixed lot of untreated raw fish were used. Some of 
the processed cans of mullet were frozen, and others were 
refrigerated. Freezer-stored samples were compared with re 
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frigerated (Fig. 3). Since the results of the previous experi- 
ment indicate that oxygen availability has a pronounced effect 
on the rate of lipid oxidation, the scatter of points in graph A 
may be due to variations in the time of exposure before test- 
ing. Also, variations in the amount of headspace from ean to 
ean may be involved. This latter point is currently under 
investigation. After 176 days of freezer storage the TBA 
number was 2.1. This number does not differ markedly from 
results obtained after 44, 67, 79, and 153 days of storage. 
The results appear to indicate that storage at freezer tem 
peratures (--25°C) slows lipid oxidation. However, the investi 
gation was earried out under oxygen limitations. To deter- 
mine if the lowered TBA numbers were caused by freezing or 
by lack of oxygen, samples from the same mixed lot of un 
treated raw fish were processed. Then, half of the cans were 
opened and the contents transferred to individual polyethylene 
bags, which were heat sealed. The canned and bagged samples 
were frozen. At the time of testing the samples were removed 
from the freezer and thawed in their containers. The results 
are in Table 2. TBA numbers were very low for all storage 


Table 2. Effeet of oxygen availability on lipid oxidation in 


frozen mullet. 
TBA numbers 
Limited oxygen Unlimited oxygen 
Storage (days) (can) (poly bag) 


7 1 

a1 1.1 
Q 


60 


periods, though consistently slightly higher for the bagged 
samples. Since polyethylene is oxygen-permeable, it may be 
econeluded that lack of oxygen is not the primary cause of the 
lowered rate of oxidation in freezer-stored samples. There was 
only a small increase in the TBA numbers of both samples 
upon storage. It is possible that this increase may have oce- 
eurred during the thawing and subsequent handling of the 
mullet rather than during storage. The seatter in data may be 
attributed to slight variations in these thawing and handling 
procedures, especially the length of time exposed before testing 
(after thawing). 

To determine if the rate of oxidation of frozen mullet was 
altered by thawing and subsequent storage in unlimited oxygen 
at refrigerator temperatures, a sample of frozen fish was re 
moved from the freezer after 93 days of storage. It was 
thawed, removed from the ean, and refrigerated for 12 days, 
during which time TBA number was determined daily. It rose 
rapidly from 3.0 to above 30. A different sample of fish is 
involved, but these results are comparable to those in Fig. 2, 
graph A. 

Curing salts. The data in Fig. 1 demonstrate that oxidative 
rancidity develops rapidly in uneured cooked dark mullet flesh. 
To compare the rate of the oxidative reaction in eured and 
uneured dark tissue, portions of the same mixed lot of ground 
dark flesh were processed with: 1) no addition, 2) sodium as 
corbate and sodium tripolyphosphate, 3) curing salts, and 4) 
euring salts plus sodium aseorbate and sodium tripolyphos- 
phate. Curing salts were used in the proportion of 2.0% 
sodium chloride and 0.02% nitrite ion in the form of sodium 
nitrite. These salts were added to the raw fish in the dry state. 


Table 3. TBA numbers and color ratings of cured and un- 
cured dark mullet tissue. 


Uncured Cured 
Uncured antiox Cured antiox 
Storage 
(days) TBA Coler TBA Color TBA Color TBA Color 


oe 0.4 0 5 
3 

o.9 2 

1.0 0 
1.0 0 


* Brown pigment 
" Red pigment (nitrosoferrohemochromogen ) 


3 
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Fig. 3. The effect of storage temperature on TBA numbers 
of untreated canned mullet: A) Refrigerated; B) frozen. 


° 


In addition to the TBA test, the samples were evaluated 
visually for pigment changes. The results (Table 3) show no 
oxidative deterioration in the sample of fish treated with curing 
salts plus antioxidants. This sample maintained its red 
‘‘eured’’ color throughout the 9-day storage period. The sam- 
ple with curing salts alone was never as highly colored as the 
other, and the color faded until the fish took on an uncured 
uppearance. Raneidity was retarded until the red pigment was 
almost completely gone. At that point the rate of oxidation 
increased very rapidly. The antioxidant combination inhibited 
raneidity in the uneured sample. 


DISCUSSION 


It is apparent that lipid oxidation is very rapid in 
cooked mullet tissues exposed to the air at refriger- 
ator temperatures. The explanation for the high 
TBA numbers (compared to those for ground and 
sliced beef) probably lies in the tissue composition. 
As mentioned previously, the lipids of fish are ap- 
preciably more unsaturated than those of meats. The 
fatty acids of the stored triglycerides of fish resemble 
those of the metabolically active proteolipids and 
phospholipids of land animals in their degree of un- 
saturation (Klenk, 1954). Thus the fat stores, as 
well as the muscle lipids, are very susceptible to oxi- 
dation, and a relatively small amount of ferrie heme 
pigments could trigger the formation of extensive 
oxidation chains. Brown e@ al. (1957) found that the 
range of myoglobin concentration for 9 species of fish, 
including tuna, was from 0.09%, in pilchard, to 
0.002%, in cod. The respective concentrations of 
myoglobin in the light and dark tissues of tuna were 
0.03% and 1.11%. Beef musele has been found to 
contain 0.37% myoglobin, with both higher and lower 
values possible, depending on the exercise of the ani- 
mal (Ginger ef al., 1954). Beef contains more heme 
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if it's 


a good 
moisture 
barrier 


a good 
lubricant 


a good 
plasticizer 


and 
nutritious 


Keeps water vapor trapped; forms an 
effective oxygen barrier; out-performs 
traditional edible fats and oils in resisting 
oxidation 


Has greater polarity than ordinary edible 
oils; clings tenaciously even to vertical 
surfaces; performs well even under great 
pressure 


Lends plasticity to diverse materials like 
hard fats and plastics; can substitute for 
non-nutritious plasticizers in some plastics 
such as cellulose mixed esters and vinyls 


Not just edible but nutritious; digested by 
the body as co true food; approved” for 
various uses up to 5% in or on finished 
foods 


it’s bound to be a member of a remarkable new class of food fats called 


MYVACET Distilled Acetylated Monoglycerides 


Solid types, applied in melted form, can be used to coat ma- 
terials from pecans to paper, and frozen foods from pie 
crust to perch. Myvacet coatings prevent freezer burn, cling 
skintight to hold juices in food instead of sucking them 
out, protect against loss of net weight, and assure that 
only edible, mutritious material comes in contact with 
the food. 

Liquid types, applied just as they come, can be used for 
slab dressings and mold release agents, bakery pan grease 
and divider oils, canning machinery lubricants and dairy 


sanitary valve lubricants—anywhere where contamina- 
tion of foodstuffs is possible. The liquid types not only 
lubricate well, they last and last, without oxidizing. 
Tell us your field of interest. We'll supply, in return, full 
data on the types of Myvacet Distilled Acetylated Mono- 
glycerides that apply. Just write to Distillation Products 
Industries, Rochester 3, N. Y. Sales offices: New York and 
Chicago * W. M. Gillies, Inc., West Coast * Charles 
Albert Smith Limited, Montreal and Toronto. 
*U.S. Food & Drug Regulations, Sec. 121.1018 


producers of MYVACET® 
Distilled Acetylated Monoglycerides 


10 


Also... Myverol® Distilled Monoglycerides... 
vitamin A for foods and pharmaceuticals 


Distillation Products Industries iso division o¢ Eastman Kodak Company 
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pigments than the light and whole tissue of fish, but 
oxidizes to an equal or lesser degree. The degree of 
oxidation thus appears to be a function of the lipid 
composition of the tissue. Conditions for lipid oxida- 
tion are optimum in the dark tissue of the lateral 
band, where a large quantity of highly unsaturated 
fatty acids and a high concentration of ferric heme 


pigments exist in close proximity. 

The relation between oxygen availability and lipid 
oxidation is interesting. It is obvious that peroxida- 
tion of fatty acids cannot proceed without oxygen. 
However, Tarladgis and Watts (1960) have observed 
that oxygen seemed to be necessary not only for the 
oxidation of pure unsaturated fatty acids but also 
for the destruction of the malonaldehyde precursor 
after a peak in oxygen uptake was reached. When 
oxygen is insufficient for oxidation of all the unsatu- 
rated fatty acids of the fish (as in sealed cans), TBA 
numbers quickly reach a limiting value and remain 
there throughout storage. As might be expected, lipid 
oxidation rises dramatically when the fish is again 
exposed to oxygen. 

Freezer temperatures probably slow diffusion of 
the free radicals that are necessary for propagating 
the oxidative chain reaction (Leffler, 1956). This 
would account for the lower TBA numbers in freezer- 
stored samples than in refrigerated samples of the 
same fish. It would also explain why the effect of 
oxygen availability on TBA numbers is less for frozen 
samples than for refrigerated ones. Once thawing has 
taken place and oxygen is supplied, lipid oxidation 
can proceed normally. It would be desirable to in- 
vestigate the effect of higher freezing temperatures on 
lipid oxidation since frozen foods are usually not 
stored at less than O°F (—18°C). 

It is possible that freezing and limitation of oxygen 
could be combined in packaging cooked foods suscepti- 
ble to this type of spoilage. If food is processed and 
frozen before rancidification starts, lack of oxygen in 
the container should limit rancidity during thawing 
and subsequent holding at higher temperatures. 

The red pigment of cured meat or fish is ferrous 
nitric oxide hemochromogen. Younathan and Watts 
(1959) found no catalysis of oxidation of meat lipids 
when the pigment was in this form. In the presence 
of peroxides, in contrast, the nitrosoferrohemochromo- 
gen is oxidized to a ferric pigment, which is believed 
to be capable of initiating further lipid oxidation 
chains (Tarladgis, 1960). Watts (1957) showed a close 
relationship between lipid oxidation and pigment loss 
in refrigerated cured hams. The same close relation- 
ship has now been observed in the fish sample treated 
with curing salts alone, with the difference that lipid 
oxidation and pigment loss are much more rapid in 
mullet than in ham. Treating with both curing salts 
and antioxidants maintained the cured color and pre- 
vented lipid oxidation throughout the entire storage 
period. 

The antioxidant combination of sodium tripoly- 
phosphate and sodium ascorbate either alone or in 
combination with curing salts almost completely in- 
hibits oxidative reaction in mullet tissue. Although 
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the work reported here has shown the effectiveness of 
these agents in preventing oxidative rancidity, no 
work has been done to determine ways in which these 
substances can be used in the preparation of accepta- 
ble fish products. The incorporation of the antioxi- 
dant combination into commereially produced fish 
sticks and cakes would be relatively easy since these 
products are usually made by compressing flaked fish. 
Since the combination of antioxidants and curing 
salts is extremely effective in the dark tissue of mullet, 
where oxidative reaction is normally very intense, it 
may be possible to produce an acceptable cured fish 
product. 
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Cubed Squash’ 


(Manuscript received November 3, 1960) 


SUMMARY 

A number of antimicrobial chemicals were evaluated for 
their ability to extend the shelf life of prepeeled cubed 
squash. Sodium dehydroacetate (DHA-S) appeared to of- 
fer the most promise, and a standard procedure was de- 
veloped for use of this compound, The squash was sliced, 
peeled, trimmed, cut into one-inch cubes, and dipped 1 min 
in a 0.2% solution of DHA-S. The drained cubes were par- 
tially dried to remove 5-10% of the moisture, and packaged 
in unperforated polyethylene produce bags. For packages 
stored in the dark at 72-75°F, this procedure would ex- 
tend the shelf life 14-2 times. 

Prepeeled cubed squash varied widely in shelf life with 
the season and the condition of the squash. Shelf life of 
bulk squash decreased with increasing storage time. Sam- 
ples cut with a knife, to produce a smooth cut, had a longer 
shelf life than saw-cut samples. Butternut samples had 
higher ratings for flavor and a longer shelf life than Sugar 
Hubbard or Blue Hubbard. 

Prepackaged samples treated with DHA-S solution and 
untreated controls could be distinguished from fresh-cut 
samples by a flavor panel because the prepackaging and 
storage procedure produced a slightly blander product. 
However, the additive did not introduce any undesirable 
off-flavors to the product. 

The residue of dehydroacetic acid in the squash de- 
creased rapidly with storage, especially in the samples 
that showed some evidence of microbiological growth. 


Sousse HAS traditionally been a 
favorite vegetable in the New England area. How- 
ever, per capita consumption of the large winter types 
has declined considerably in recent years. This may 
be due in part to the changing food habits of the 
population as a whole. A housewife accustomed to 
using many convenience food items could hardly be 
expected to purchase a 30-lb Hubbard squash. The 
trend to smaller units is evidenced by the greater 
popularity of the smaller types such as Butternut and 
Acorn, and the success of merchandising methods in 
which the larger squash are cut into smaller pieces 
(Sutton and Bull, 1959). However, these types still 
require extra labor to prepare ir the home. The prob- 
lem is even more complex in hotels, hospitals, and 
other institutions, where labor is one of the major ex- 
penditures. It is believed that fresh squash consump- 
tion would be increased if the product were packed in 
a manner that was wholesome and appealing and re- 
quired little labor to prepare. Unfortunately, peeled, 
cubed squash has a very short shelf life at room tem- 
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perature. During recent years, a number of chemical 
treatments to extend the shelf life have been investi- 
gated. Acetic and sorbic acid solutions (Francis, 
1956) were found to have some value for squash that 
does not take up much liquid in the dipping process, 
but since there was no way of predicting uptake this 
method has limited usefulness. On the other hand, it 
was possible that some of the other antimicrobial com- 
pounds such as dehydroacetic acid (DHA) would be 
effective. DHA has already been suggested for a num- 
ber of food applications (Haller et al., 1952; Pratt, 
1952; Shurtleff and Shutak, 1952; Sistrunk, 1957; 
Thomas, 1952; Thompson, 1958; Wolf, 1950; Young 
and Beneke, 1952). This paper is concerned with a 
method of using dehydroacetic acid to extend the 
shelf life of prepackaged cubed squash. 


MATERIALS AND METHODS 


Source of materials. The Butternut squash used in the 1956— 
57, 1957-58, and 1958—59 seasons was obtained from local com- 
mereial growers in the Connecticut valley. The Butternut 
squash used in the 1959-60 season was obtained from the 
Waltham Field Station, University of Massachusetts (courtesy 
of Dr. R. E. Young). The Blue Hubbard squash was obtained 
from local commercial growers. The Sugar Hubbard used in 
the 1957-58 season was obtained from a loeal prepacker (cour 
tesy of Suffolk Farms, Chelsea, Massachusetts), but it was 
grown commercially in New Hampshire. The Sugar Hubbard 
used in the 1958-59 and 1959-60 seasons was grown at the 
University farms (courtesy of Professors C. L. Thomson and 
W. H. Lachman). 

Packaging procedure. The Butternut squash was washed, dried, 
and peeled by hand. After slicing and removal of the placental 
tissues, the slices were cut into cubes of about 1 in. In the 
1959-60 season only the ‘‘handle’’ portion of the squash was 
used, and the ‘‘ball’’ pertion containing the seed cavity was 
disearded. The Blue Hubbard and Sugar Hubbard Squash in 
the first three seasons were washed and dried, and sliced with 
u hand-operated Saber-saw. After removal of the peel and 
placental material with a paring knife, the slices were cut into 
eubes of about 1 in. In the 1959-60 season, the Sugar Hub 
bard squash was cut with a large knife, thereby eliminating 
the problem of saw-cut surfaces. 

A standard chemical treatment and packaging procedure was 
developed, and, unless stated otherwise, the squash was handled 
in the following manner. The squash cubes were dipped 1 min 
in a 0.2% (w/v) solution of the sodium salt of dehydroacetic 
acid (DHA-S) (courtesy of Dow Chemical Co., Midland, 
Michigan, and Gane’s Chemical Works, New York, N. Y.), 
drained 1 min, partially dried, and packaged in unperforated 
polyethylene bags (2 * 4X 12-inch bags of one mil poly 
ethylene obtained through the courtesy of the Shellmar-Betner 
Division of the Continental Can Co., Newark, Ohio). Each 
bag contained about 200 g of squash. The bags were stored in 
the dark at 72-75°F unless indicated otherwise. 

The DHA-S solutions were prepared by dissolving the 
appropriate amount of the sodium salt in tap water just before 
use, 

The dryer used in the first 3 years to test the effect of par- 
tial drying on shelf life was of very simple design. It was 
merely a tunnel, 6 X 12 X 54 in., made of plywood and equipped 
with trays made of glass-fiber screening. A hair dryer con- 
nected through a rheostat was a source of warm air that re- 
moved 5-10% of the moisture in the squash in about 5 min. 
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The location of the trays was changed while the unit was in 
operation in order to provide more uniform drying. 

A rotary dryer was constructed in the 1959-60 season to test 
the effect of tumbling the squash eubes during drying. The 
rotary dryer, of plywood, was hexagonal and measured 12 in. 
in diameter and 72 in. long. A helical baffle system conveyed 
the cubes through the dryer when the whole unit was rotated 
at constant speed on a easter assembly. An electric heater and 
fan provided a source of parallel-current warm air that removed 
5-10% of the moisture in about 7 min. 

Shelf-life criteria. The judgments for shelf life were on a 
pure'y subjective basis. Every day, all packages of squash 
were examined for the following signs of spoilage: a) mold 
growth on the surface of the cubes; b) softening of the cubes, 
since this was often the first sign of spoilage caused, probably, 
by pectin-splitting enzymes elaborated by the mold mycelium; 
and ¢) whitish or greenish discoloration. The greenish dis 
coloration was observed in Hubbard squash (but not in Butter- 
nut) stored in the light for 7 days or longer. The DHA-S 
treatment tended to delay the appearance of the green color, 
but this phenomenon was ouly observed in the samples from 
the 1957-58 season. In other seasons the cubes decayed from 
mold growth before the green color was observed. Obviously, 
chlorophyll formation was not a problem with squash stored in 
the dark. Squash eubes from all varieties, when stored in the 
dark, eventually developed a whitish discoloration if they did 
not deeay from mold growth. The whitish discoloration ap 
peared not unlike yeast colonies, and was actually a prolifer 
ation of eallus tissue. It may be the first stage of callus growth 
for wound healing. This type of whitish discoloration should 
not be confused with the whitish appearance observed on some 
samples cut with a saw. The saw teeth left a rough surface on 
the eubes and the earotene bleached out of the tissue shreds, 
leaving the whitish tissue. This discoloration occurred within 
2-3 days, whereas callus growth seldom started within 2 
weeks at room temperature. The appearance of mold, soften- 
ing, greenish discoloration, or excessive callus growth indicated 
that the squash cubes had reached the end of useful shelf life. 

Organoleptic methods. The squash for the taste panels was 
cooked by adding water to squash (1:4 w/v) in a pan and 
boiling 30 min. The squash was then drained and mashed 
with a fork. A modified triangle test, including a flavor-rating 
seale from 1 (very poor) to 10 (excellent) was used for 
judging the squash according to the method of Hogue and 
Briant (1957). Two-ounce portions were served to six panelists 
who had demonstrated an ability to reeognize the flavor of 
‘*fresh’’ cooked squash. The portions were served in small 
ruby-red jars, held in pans of warm water prior to serving in 
order to minimize the effeet of small color and temperature 
differences. 

Analytical methods. The analyses for DHA content were per 
formed by a modification of the speetrophotometrie method of 
Woods et al. (1950). The modifications, introduced by the 
Dow Chemical Co., Midland, Michigan, improved the precision 
of the method for fruits and vegetables. 

A package of squash was mixed in an electric blender. Fifty 
grams were mixed with 50 ml! of chloroform and 0.5 ml of 0.4N 
sulfurie acid, and shaken in a separatory funnel. The chloro- 
form layer was removed and the extraction repeated with two 
50-ml portions of chloroform. The combined chloroform ex 
tracts were extracted three times with 50-ml portions of 0.33N 
sodium hydroxide solution. To the combined aqueous extracts 
was added 50 ml of 2N hydroehlorie acid, and the solution was 
heated to boiling on a steam bath to remove traces of chloro- 
form. After being filtered through a fine-fritted glass filter 
and cooled, the extract was made to 500-ml volume with dis- 
tilled water. Absorption readings were taken at 307 and 360 
mu with a Beckman DU spectrophotometer. A blank on a 
DHA-free sample of the same type was also run with the same 
procedure. The ratio of the readings at 307 and 360 my for 
the blank provided an index of the amount of interfering ma- 
terials. The reading at 360 my was multiplied by the above 
ratio, and the result subtracted from the reading at 307 mu. 
This gave a reading for the corrected absorption due to DHA. 
The concentration of DHA in ppm was read from a standard 
eurve and caleulated for the original sample. The respective 
ratios of the absorption at 307 my to 360 my used in this 


laboratory as blank values for Blue Hubbard, Sugar Hubbard, 


and Butternut squash were 2.35, 2.15, and 4.0. 


RESULTS AND DISCUSSION 

Screening tests. The screening program consisted 
of isolating various microorganisms from _ spoiled 
squash and then testing them against a series of com- 
binations of antimicrobial chemicals incorporated into 
nutrient agar and acidified potato-dextrose agar. The 
four organisms isolated were identified (courtesy of 
Dr. H. E. Bigelow) as Rhizopus nigricans, Ehrenberg ; 
Alternaria sp.; Penicillium sp.; and an Aspergillus 
sp. 

The following antimicrobial chemicals were tested: 
oxytetracycline, sodium ortho-phenylphenate, calcium 
propionate, chlortetracycline, streptomycin, mena- 
dione, polyglycol E, polymixin, myprozine, sodium de- 
hydroacetate, tyrothricin, bacitracin, neomycin, vita- 
min K5, sodium benzoate, sodium dichlorodimethyl 
succinate, sodium diacetate, sorbie acid, acetic acid, 
phosphorie acid, and many combinations. Only so- 
dium dehydroacetate and myprozine appeared to offer 
promise. Most of the additives listed above were also 
tried with squash cubes, with similar results. 

Several other chemicals were also tested in the be- 
lief that the whitish discoloration was due to partial 
dehydration. Glycerol, propylene glycol, and sorbitol 
were ineffective in delaying the whitish discoloration. 
Maleic hydrazide and 2,4,6-trichlorophenoxyacetic 
acid were also tested with the knowledge that callus 
growth was thought to be accelerated by growth- 
promoting substances naturally present in plant tis- 
sue. Both growth inhibitors were ineffective in pre- 
venting callus formation. 

In view of the results of the screening tests, it 
appeared that sodium dehydroacetate offered the most 
promise, and all subsequent work was confined to this 
chemical. 

Conditions of treatment. Dipping the squash cubes 
was desirable from the standpoint of chemical cover- 
age, but it soon became apparent that the water taken 
up by the squash was detrimental. Cubes dipped in 
water had a shorter shelf life than the controls (Table 
1). Cubes dipped in a solution of sodium dehydro- 
acetate had a longer shelf life than the controls, but 
the added moisture was nullifying the effect of the 


Table 1. Effect of chemical treatment on the shelf life of 


prepeeled squash (1957-58 season 


Dipped in 
0.1% 


Dipped in 

0.1% DHA-S 

DHA-S solution 

Controls yl solution and dried 


Blue Hubbard 
No. samples 16 
Shelf life (days 
Average 


Range 


Butternut 
No. samples 
Shelf life (days) 
Average 


Range 


Sugar Hubbard 
No. samples 
Shelf life (days) 

Average 

Range 
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chemical. When the moisture was removed by partial 
drying, the shelf life was increased considerably. 
Partial drying without chemical treatment also in- 
creased the shelf life, though not substantially. There 
was a tendency toward shorter shelf life with in- 
creasing times of immersion, probably from greater 
moisture absorption. However, immersion time was 
not a eritical factor unless unduly prolonged (10 min 
or longer). 

Table 2 presents data on the effect of degree of 
drying on shelf life. Squash cubes will take up 2-10% 


Table 2. Effect of degree of drying on shelf life of pre 
peeled squash (1957-58 season). 


Correlation of 


Liquid Weight change shelf life and 
No. of uptake * after drying weight chance 
packages (%) (%) r 
Butternut 
12 3.3 to 6.3 4.0 to 41.5 0.15 
15 5.9 to 7.5 1.2 te 5.8 Ou 
4 5 


Blue Hubbard 


18 2.5te 4.1 1.4 to —10.7 0.21 

19 2.6 to 3.9 5.8 to 5.9 0.09 

15 25to 3.46 0.4 to 2.3 0 
Sugar Hubbard 

19 2.0 to 4.6 1.2 to —12.6 0.24 


*One-minute dip in 0.2% DHA-S solution 


moisture by weight, depending on the condition of the 
squash, when immersed in water. Under standard 
drying conditions, the moisture content of the dried 
cubes will obviously vary. The data in Table 2 were 
obtained by varying the time of drying to cover a 
range of moisture contents. Within a fairly wide 
range, degree of drying did not correlate with shelf 
life. If the surface of the cubes was wet or, at the 
other extreme, when 15-20% of the moisture was re- 
moved, shelf life was shortened. Also, in the latter 
case, the cubes had a much less attractive appearance. 

The stationary-tunnel type of dryer, used for the 
first three seasons, was difficult to control in terms of 
even drying because constant rotation of the position 
of the trays was required. The rotary tunnel dryer, 
used in the 1959-60 season, eliminated the uneven 
drying but also introduced a mild tumbling action to 
the cubes. Table 3 presents data on a comparison of 


Table 3. Comparison of two types of dehydrator for pre 
peeled squash. 


Av. shelf 
Number life Range Coefficient 
Dehydrator samples * (days) (days) variability 
Stationary a2 9.7 10.9 37.4 
Rotary 9.5 0.46 26.4 
Contro!s a6 5.9 6.3 40.8 


* Butternut and Sugar Hubbard squash in the 1959-60 season 


the shelf life of squash cubes dried in the two dryers. 
The two dryers produced products with a similar 
shelf life, so the tumbling evidently did not affect the 
shelf life to any extent. The coefficient of variability 
was less for the rotary dryer than for the stationary 
dryer, probably because of more even drying. 
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The data in the previous tables were all obtained 
by storing the squash at room temperatures. It was 
likely that shelf life would be increased at lower stor- 
age temperatures, and this was borne out by the data 
in Table 4. These data show a clear-cut effect of stor- 


Table 4. Effeet of storage temperature on the shelf life (in 


days)“ of prepeeled squash. 


Treatment Storage temperature 
40°F 40 and 75°F” 75°F 

DHA-'S Dipping Blue Blue Blue 
cone time Butter Hub Butter Hub Butter Hub 
(%) (min) nut bard nut bard put bard 
0 0 17 17 12 4 5 9 
0.03 5 17 18 5 12 
0.10 5 17 18 15 ines 6 i2 
5 17 18 17 ones 12 12 


6.30 5 
"Each datum represents an average value obtained from four pack 
ages in the 1956—57 season 
» Packages were stored at 75°F during an eight-hour day and at 
40°F during the night 


age temperature but not of concentration of DHA-#S. 
This was probably because the storage times were 
relatively long even for the controls, and therefore 
microbiological spoilage played a smaller part. This 
experiment was performed early in the season with 
squash in optimum condition. 

This research was aimed at developing a method of 
increasing shelf life at room temperature, because 
adequate refrigerated temperatures in both storage 
and display areas are in short supply in most retail 
outlets. Of course, any refrigeration would probably 
be beneficial in lengthening shelf life. 

Table 5 presents data on the effect of type of 
packaging film on shelf life at room temperature. The 


Table 5. The effect of different packaging films on the shelf 
life (days)* of prepeeled squash stored at food temperature. 


Cryovac” Polyethylene” Cellophane” 


DHA-S Dipping Blue Blue Blue 
cone time Butter Hub Butter Hub Butter Hub 
(%) (min) nut bard nut bard nut bard 
0 tt) 4 4 5 12 4 6 
0.03 2 4 4 5 11 4 6 
0.03 5 4 4 > 12 4 10 
0.10 2 4 4 6 7 5 6 
0.10 5 3 4 6 9 4 9 
0.30 2 1 4 9 10 6 5 
0.30 5 7 6 14 13 5 11 


*Each datum represents an average value obtained from two pack 
ages in the 1956—57 season. 

*5 x 16-inch Cryovac bags; 2x 4x 12 1-mil polyethylene; and 5x 
300-MSAD cellophane produce bags. 


Cryovae film was apparently too impermeable to 
gases, for anaerobic respiration developed in the 
samples stored at room temperature. For samples 
stored at 38—40°F at all times, those in Cryovae had 
the longest shelf life, but this handling concept does 
not fit in with the methods used for other produce 
items. The polyethylene bags appeared to have the 
optimum combination of low moisture-vapor transfer 
and high gas transfer rate for storage at room tem- 
perature. Therefore, polyethylene bags were used 
for nearly all this work. 

Table 6 presents data on the effect of perforating 
the bags on the shelf life of the cubes. The develop- 
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GAULIN TRIPLEX PUMPS 


Cost Less to Run and Maintain 


High or low pressure, a Gaulin operates vibration-free . . . and in 
perfect balance. And so accurately, it’s ideal for metering. 

But whether you use it for transfer, spray drying or metering, 
Gaulin’s horizontal design costs less to run and maintain. 

And to give you more guts to take the heaviest loading without strain 
or failure, a Gaulin weighs up to one-third more. Gives you 
years more service free from repairs or replacements. 

Couple this with Gaulin’s more efficient drive, its greater safety for 
sterile or hazardous materials, and its easier cleaning -- and you know why 
Gaulin Triplex’s are preferred by the men who run them. 

Capacities from 50 to 7500 GPH ... 
pressures from 500 to 12,000 PSI. 


See your Chemical Engineering 
Catalog for the name of your local 
Gaulin representative. MANTON- 


Gaulin 


MANUFACTURING CO., INC. 
82 Garden Street, Everett 49, Mass. 
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The initial sale is important but volume is built on 
repeats. That’s why so many food processors are 
including Hercules HVP"-Century powdered in 
their formulations for the flavor of well-browned 
beef. It’s a flavor that brings satisfied customers 
back to the counter again for “seconds.” 
HVP-Century, a total hydrolyzed vegetable pro- 
tein derived from wheat protein, contains 100% of 
all the amino acids derived from the hydrolysis 
with none of the monosodium glutamate removed. 


The latest addition to Hercules’ full life of HVP 
powder and liquids and MSG, HVP-Century of- 
fers many possibilities for cost savings and process- 
ing advantages. 

A four-page data sheet is available to provide 
complete specifications on HVP-Century as well as 
information on how to compute cost savings and 
convert formulations. A data sheet and a sample of 
HVP-Century, which has FDA acceptance for use 
in many applications, can be obtained by writing: 


Huron Milling Division, Virginia Cellulose Department 
HERCULES POWDER COMPANY 


wCORPORaTED 


Hercules Tower, 910 Market Street, Wilmington 99, Delaware 
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Table 6. The effect of perforation on the shelf life of pre- 
peeled squash in polyethylene bags stored at room temperature. 


Treatment Shelf life* (days) 
DHA-S Dipping 
time Perforated " Unperforated 
(min) bags bags 


3 
3 
3 
4 
4 


“Each datum represents an average value obtained from four pack 
ages of Butternut squash in the 1956—57 season. 
» The perforated bags had 24 holes, % in. in diameter. 


ment of spoilage in perforated and unperforated bags 
followed different paths, as judged by visual appear- 
ance, but the samples in unperforated bags had a 
longer shelf life. The low oxygen tension and the 
build-up of carbon dioxide within the bag were ad- 
vantageous and did not impair flavor (Francis et al., 
1961). 

The method of cutting the cubes had an important 
effect on shelf life. Table 7 presents data on the effect 


Table 7. Effect of method of cutting on the shelf life (in 


days) of prepeeled squash. 


Saw-cut* Knife-cut” 


No. samples 


per treatment Controls Treated ‘ Controls Treated ¢ 


9 7 15.6 


5.1 14.0 
3.9 3. 4.6 
*Sugar Hubbard squash from the 1957-58 season sliced with a 
hand-operated Saber-saw and cubed with a knife. One or two of the 
six sides of each cube would have a saw-cut 
* The saw-cut edges were trimmed off with a knife in this series. 
© Standard DHA-S treatment. 


on shelf life of knife-cut vs. saw-cut. The knife-cut 
samples had a much longer shelf life, probably be- 
cause of the smooth surface. The rough surface of the 
saw-cuts provided a better medium for mold growth. 
In addition, the shreds of tissue on the surface of the 
saw-cut bleached on storage and provided a less attrac- 
tive pack. In Table 7, the data on the last line show 
very low figures for shelf life because these samples 
were packed in April 18, 1958, and the squash was 
near the end of its useful shelf life. Even with these 
samples, however, the chemical treatment and the 
knife-cut both extended the shelf life. 

The length of storage of the bulk squash was an 
important factor in the shelf life of the prepeeled 
product. Tables 8 and 9 present data for the shelf life 
of Butternut and Hubbard squash for three seasons. 
It. was apparent that the shelf life of the prepackaged 
product decreased as the length of storage of the bulk 
samples increased. The chemical treatment was effec- 
tive in increasing the shelf life in each case, but the 
final result was obviously dependent on the condition 
of the raw product. Bulk squash varied considerably, 
as evidenced by the data in Tables 8 and 9. Shelf life 
of prepackaged Butternut squash averaged 26 days 
in the 1957—58 season, but only 5.7 days for compara- 
ble months in the 1958-59 season. These figures were 
obviously influenced by climatic conditions, for the 
1957 growing season was hot and dry whereas the 


Table 8. Effect of length of the storage of the bulk Butter- 
nut squash on the shelf life (in days) of the prepackaged 
product. 


Control samples Treated samples 


Shelf life Shelf life 


No No — 
Season packages i Range packages Av Range 
1957—58 
Oct y i—44 5 32. 10—60 
Nov. 32 9.3 8-36 
Dec 10 
Jan 10 
Total 7 d Total 


1958—59 
Oct 
Nov 
Dec 
Jan 
Total 3 Total 


1959-60 
Oct 
Nov 
Dec 
Mar 


Total 


1958 season was cold and wet. The extreme vari- 
ability of the raw squash was evident throughout all 
this work, as shown by the wide range of the values 
for shelf life even among samples from the same batch 
with the same treatment. 

Retention of DHA in prepeeled squash. The residue 
of DHA in the squash is of obvious importance in 
enforcing regulations if a tolerance for this additive 
should be granted. Table 10 presents data on the DHA 
content of several lots of Butternut and Blue Hub- 
bard squash after treatment with three concentrations 
of DHA-S. The analyses were made soon after the 
dipping treatment and the results showed some vari- 
ation, probably caused mainly by differences in liquid 
uptake from batch to batch. Table 11 presents data 
on the effect of length of dip on the DHA content. 


Table 9. Effect of length of storage of the bulk Hubbard 
squash on the shelf life (in days) of the prepackaged product. 


Treated samples Control samples 
Shelf life 
No No 
Season packages Avy Range packages Ay. Range 


Shelf life 


1957-58 (Blue Hubbard) 
Oct 5.§ 10-33 
Nov. 2-21 7 2 8-28 
Dee ‘ 2-3 
Jan 


Total 45 Av. { Total 


59 (Sugar Hubbard) 
6.5 


5.8 


9 
9 


Total 


1959—60 (Sugar Hubbard) 
Oct 53 4.6 
Nov ese 
Dec 2 4.9 
Jan. $5 5.4 
Feb 3 4.9 
Mar. i 


Total 269 
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Dee 19 1-4 25 3.0 2-6 
Jan. 19 i 1-5 24 8.6 4-18 
Feb. 18 18 4.5 2-8 
Mar 24 2.4 1-4 22 4.4 2-9 os, 
Total 122 Av. 3.0 MM 120 Av. 6.0 
2-10 92 6.7 2-10 
2-8 72 6.4 3-14 i 
4-7 29 6.6 5-9 
2-12 66 6.5 3-17 
2-8 47 5.6 3-10 a 
4.6 Total 306 Av. 6.4 
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0.3% DHA-S solution 


Table 10. Retention of dehydroacetie acid in prepeeled squash. 


DHA content (ppm) 


No. 
Treatment * samples Av. Range 
0.1% DHA-S solution 
(800 ppm DHA) 
Butternut 10 27 20-35 
Blue Hubbard 10 19 18-21 


(2400 ppm DHA) 
Batternut 10 #1 40-103 
Blue Hubbard 10 70 50-109 


0.6% DHA-S solution 


(4800 ppm DHA) 
Butternut 10 198 187-208 


*Samples from the 1957-58 season were dipped 5 min in the 
DHA-S solution and analyzed immediately afterward 


Table 11. Effect of dipping time and solution concentration 
on the dehydroacetie acid content (ppm)* of prepeeled squash. 


DHA-'S Dipping time (min) 

cone 

(%) 1 2 4 8 16 32 
0.1 19 21 15 19 25 45 
45 28 42 73 95 
0.4 42 75 76 71 112 160 


*Each datum represents an average value obtained from four pack 
ages of Butternut squash in the 1958-59 season 


The content was comparable for dips ranging up to 8 
minutes. After this, the liquid uptake of the cubes 
was increased considerably and the DHA contents 
were much higher. Table 12 presents data on analyses 


Table 12. Dehydroacetie acid content of prepeeled squash at 
the end of its useful shelf life. 


DHA content (ppm)* 


Variety No. samples Av. Range 
Butternut 17 41.7 18 to 70 
Blue Hubbard 26 29.9 1 to 68 
Sugar Hubbard 14 13.7 0 w 25 


*Squash cubes from the 1957-58 season were dipped in 0.3% 
DHA-S solution and dried, 


for DHA content at the end of the useful shelf life 
of the squash. The results varied considerably, and 
several samples even showed a zero content. This 
observation led to the experiment reported in Table 
13. DHA content decreased considerably during stor- 
age of the prepeeled product, particularly in the 
samples in poorer condition. Apparently the DHA 
was being metabolized either by the squash tissue 
itself or the microbiological flora on the squash. The 
latter is more likely, particularly in view of the 


Table 13. Retention of dehydroacetic acid (%)**” in peeled 
cubed squash in storage. 


DHA-'S Storage time (days) 

cone, Squash Squash ™ 

(%) variety condition 1 2 3 4 5 6 7 
0.1 B. Hubb. Good 46 41 37 ... 35 27 ... 
0.1 Butternut Poor com 0 0 0 
0.2 Butternut Good 69 58 53 47 esos 
0.2 Butternut Poor 
0.4 Butternut Good 72 69 #67 ST 62. 4a 
0.4 Butternut Poor 37 80 30 28 16 


mediately after treatment. 
*Each datum represents an average obtained from duplicate 
analyses on 2 to 8 packages of squash in the 1958-59 season 
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observation by Brunner and Mallman (1950) that 
DHA acts as a mycostat rather than a mycocide. Also, 
Shideman et al. (1950) believe that DHA exerts its 
action by interference with the Krebs cycle. 

Table 14 presents data on the effect of cooking on 
DHA retention. DHA content showed considerable 


Table 14. Effect of cooking on the dehydroacetie acid con- 
tent (ppm)* of prepeeled squash. 


Storage time (days) 


Material sampled 0 1 2 3 5 
Raw squash 70 32 36 25 11 
Cooked squash 43 18 28 10 4 


DHA recovered from 
cooking water 28 15 10 


*Each datum represents an average value obtained from duplicate 
analyses on four packages of squash in the 1958-59 season. Treatment 
consisted of a 5-min dip in 0.2% DHA-S solution, followed by drying. 


reduction with storage time. For the first two days of 
storage, about one-half to one-third of the additive 
was found in the cooking water. The heat treatment 
did not degrade the DHA;; all the additive found in 
the raw squash could be recovered from the cooked 
squash and the cooking water. This observation also 
lends support to the accuracy of the analytical method. 

Flavor comparisons. A series of taste panels were 
set up to determine whether the panel could detect a 
difference between fresh samples, untreated prepack- 
aged samples, and treated prepackaged samples. 
From the data in Table 15, it is obvious that the panel 
had no difficulty in detecting a difference between 


Table 15. Flavor comparisons of fresh and stored prepack- 
aged squash (untreated and treated). 


Triangle Gaver 


tests 
Storage No. of 
time No. of correct Flavor rating scores * 
(days) judgments separations (Av. + stand. dev.) 
Freshly Prepackaged 
Butternut eut untreated 
2 12 12 7.521.6 7.3 & 1.7 
4 12 12 8.01.5 6421.5 
s 12 10 7.2232 
15 12 10 68+ 0.8 
Blue Hubbard 
4 12 10 5.7 = 2.5 74 2 1. 
a 12 9 §.1 = 2.1 6.6 > 20 
12 12 il 6.7 232 4.0 2.3 
Freshly Prepackaged 
Butternut cut treated 
1 12 7 7.8214 7021.2 
3 12 8 7420.9 69> 1.6 
9 12 9 66> 3 6.8+1.9 
Blue Hubbard 
2 i2 12 73233 
6 12 12 5.2 = 2.4 4.82>2.0 
9 12 11 6821.5 6.122.9 
5 12 12 7.221.1 6.3219 
Prepackaged Prepackaged 
Butternut untreated treated 
1 12 4 8.221.3 
10 12 5 8.221.1 80+ 1.0 
12 12 7.221.0 6571.3 
Blue Hubbard 
1 12 1 5.0+ 1.6 4022.0 
7 12 8 6421.7 §.5 =2.2 
8 12 9 5.9 + 2.0 6422.3 


* A higher score indicates a more desirable product. 
* Treatment consisted of dipping squash cubes from the 1958-59 
season in a 0.3% DHA-S solution for five minutes and drying. 
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freshly cut samples and untreated prepackaged 
squash. The prepackaged product was described as 
being somewhat blander in taste, but as judged by 
the rating scores there was little preference for either 
sample. However, the flavor of the Blue Hubbard 
squash deteriorated in storage. Ratings were nearly 
always lower for Blue Hubbard squash than for 
Butternut. 

Table 15 also presents data on comparisons between 
freshly cut samples and treated prepackaged samples 
and between treated and untreated prepackaged sam- 
ples. The panels could distinguish between freshly 
cut samples and treated prepackaged samples, but no 
preference was shown for either one. The panels 
could not distinguish between treated and untreated 
prepackaged samples after one day of storage, but 
apparently could at later storage dates. However, the 
rating scores did not indicate a preference for either 
one. The DHA treatment apparently did not intro- 
duee undesirable off-flavors, though the product could 
be distinguished from fresh squash. Since the same 
conclusion was true for untreated prepackaged 
squash, it was evident that the prepacking and stor- 
age operations produced a product with a flavor 
slightly different from that of fresh squash. 
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Refractometric Tests on Tomato Products 


Manuscript received January 31, 1961 


SUMMARY 
Conventional refractometric tests (filtration through 
paper) have 2 varying and opposing sources of error: 
evaporation of the filtrate and an initial retention of solutes 
by adsorption to the paper. A technique that minimizes 


both effects is described. 


Tas NOTE calls attention to two 
major phenomena affecting the determination of solu- 
ble solids by refractometer when a sample is filtered 
through paper. Their influence appears not to have 
been widely recognized, for most of the commercially 
accepted tests for solids in tomato products are based 
on paper filtration. 


Charles D. Buss 


Flotill Products, Inc., Stockton, Calif. 


When a product such as catsup or tomato paste is 
filtered conventionally through fluted paper with the 
funnel loosely covered by a Petri dish, two ensuing 
actions have opposing effects on the filtrate. 

One, of course, is evaporation. The liquid coming 
through the paper loses moisture into the spaces be- 
tween the flutings and the funnel, into the stem as a 
drop progresses downward, and into the relatively 
large volume of unsaturated air in the dry test tube. 
This tends to concentrate the filtrate and give high 
refractometer readings, exaggerated if filtration is 
prolonged or if there are strong drafts in the room 
( Bates, 1942). 

Opposing this concentrating effect is an initial re- 
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tention of the soluble solids by adsorption to the were not found commercially. They may be made 


paper itself (Hardin and Zerban, 1924). The first from plain-weave nylon cloth of miulti-filament 
filtrate tends to be watery, just as a zone of water threads about 0.8 mm in diameter, with negligible 
precedes the sugar when a sugar solution is chromato- interstices between threads. A 414-in. disk is folded 
graphed on paper (Burma, 1953). The filtrate does once, and two seams are sewn across the middle about 
not attain the true concentration of the filtered liquid 4 in. apart, bisecting the half-cirecle. Cutting be- 
until the paper becomes saturated with solubles. tween the seams gives two filter cones. The exposed 
The adsorption effect may be demonstrated by fil- edges may be melted to prevent raveling. ) 
tering a thickened sugar solution in a humidified The funnels rest on small Erlenmeyer flasks filled 
chamber to suppress evaporation, and checking the with water to 4 in. below the funnel. These are set up 
drops serially as filtration progresses. Refractometer ahead of time and covered with a Petri dish to allow 
readings will be low at the start and gradually rise the water to saturate the limited air space at least 
to the ingoing value (Table 1). The time required to partially. The cone and funnel are filled with tomato 
saturate the paper depends on the concentration and product, the top layer sealing the upper edges. A few 
Be the speed of filtration, but as many as 6 or 8 ml of 
is filtrate may have to pass through the paper for satu- 
be t t Table 1. Filtration of thickened sugar solutions in a humidi- 
§ ration to be achieved in a system simulating a tomato fod atmosphere. 
paste test. — 
ape r . . Refractive index of drops from funnel tip 
- The net outcome thus hinges on two opposing and = ~ 
varying processes. One may only partially compen- 
cers » ta P * filtered when Paper Nylon Paper Nylon 
sate for the othe r, giving the test a highly undesirable — 
(and Adsorption often (Ingoing) (1.3869)* (1.3869) (1.3858)° (1.3858) 
ia dominates over evaporation in the usual technique : 0.2 859" 868 8504 859 
‘ 1. 5 5 5 
Eo blending 200 g of paste with an equal weight of water os aa — pes a 
and about % g of a pectolytic enzyme concentrate, 
filtering through fluted paper, and testing the liquid 6.0 868 860 
8.0 869 Gutiase 858 858 


in the test tube when about 2 ml has filtered. ~ 
In 35 tests on 36% paste by this procedure, drops 
of the 1:1 dilution filtrate from the tip of the funnel 


*33.2° Brix. 32.7° Brix. © 32.6° Brix. 432.2° Brix. 


were compared with that accumulated in the test tube. minutes after filtration starts, when the initial cloudi- 
In 24 of the tests the refractive indexes were ness disappears, a refractometer reading is taken on 
0.0001—0.0006 lower for liquid in the test tube than a drop from the funnel tip, and the funnel quickly 
for liquid direct from the funnel. By that time the returned to the Erlenmeyer. About 2 min later a 
paper was more nearly saturated with solutes. In 11 check reading is taken. It usually agrees. If, how- 
tests the readings were identical: The lesser adsorp- ever, it is lower, the first drop must have undergone 
tion of that filtrate was balanced by greater evapo- evaporation, and a further check is made 2 min later. 
ration of the initial fraction. The average difference Once the reading is constant the filtrate will continue 
of the 35 tests was 0.00017, equivalent to the loss of at that level indefinitely. 
one case of paste in 165 when reading was from the Tomato paste is often too thick to filter readily ; it 
test tube as against reading from the funnel. A series may first be diluted with a fixed proportion of water, 
of 27 tests on 30% paste gave a similar picture: 9 as mentioned above, or be mixed with about 5% by 
samples with identical readings, the other 18 ranging weight of a pectolytic enzyme concentrate. The latter 
from 0.0001 to 0.0005 lower for the test tube, with an is on a non-soluble diatomaceous earth base, and the 
average difference of 0.00012, equivalent to losing one small contribution of its soluble portion to the refrac- 
case in 181. tive index is subtracted from the reading. 


To minimize both of these actions, our laboratory 
has adopted for control tests a technique that elimi- 


nates both the paper and the dry air spaces. Filter Bates, F. J. 1942. Polarimetry, saccharimetry and the sugars. 
Natl. Bur, of Standard Cire. C440. p. 117. 
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Erratum 


Dr. G. F. Stewart, Executive Editor, The first line of column four should read : 
Davis, California. a,” + 60,", instead of o,? + o,7 
It has been brought to our attention that in our We have made the necessary corrections in the re- 
article ‘‘Size of Sample for Maturity Determination prints, but perhaps an erratum should be ineluded in 
of Canning Corn’’ published in Food Technology a future issue of Foop TecHNovoey. . 


1960, 14, 619-621, an error appears in Table 2. E. A. ASSELBERGS 
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(Continued from page 20 preceding Technical Section ) 


tion; but further consideration of these factors is 
beyond the scope of the present paper. 


Scope of Economic-Engineering Research 

R. G. Bressler, in the University of Connecticut 
milk studies of the 1940's, gave early and original 
direction to development of the economic-engineering 
approach. This was later applied to studies of costs 
and efficiency of fresh fruit and vegetable packing 
operations in California, and has since been extended 
there to include olive processing, milk manufacturing, 
and fruit and vegetable freezing operations. 

During the past decade various state agricultural 
experiment stations, as well as agencies of the United 
States Department of Agriculture, have published 
over 200 bulletins and other research reports dealing 
with costs in plants engaged in marketing or handling 
agricultural products. Roughly a third of these have 
been studies of packaging or handling operations in- 
volved in food processing, the majority relating to 
plants handling dairy products or fresh fruits and 
vegetables. Although an increasing number of studies 
have employed some aspects of the eeonomic-engineer- 
ing approach, there has been little or no application 
of these research procedures in some very important 
sectors of the food processing industry, particularly 
in canning, in the production of highly manufactured 
foods, and in distilleries, breweries, and wineries. 
These areas provide fertile ground for possible future 
analysis. 

Summary and Evaluation 

Economic-engineering research is a method of syn- 
thesizing cost relations and cost structures that will 
provide useful aids in managerial decision-making. 
Its chief disadvantages are high cost and a danger of 
possible errors of omission. The cost aspect is in- 
creasingly offset, however, by our growing body of 
data and experience, and the chance of omission 
appears minor in carefully conducted analyses. The 
great advantage of the technique is that it provides 
management with much-needed cost information often 
unobtainable by ordinary accounting methods or 
from accounting data alone. The research procedures 
are forward-looking, permitting estimation and com- 
parison of probable costs for a variety of complex 
situations and for different plants and process or- 
ganizations. The potential of plants and of produc- 
tion variations that have never actually existed may 
be compared, thus providing a broader base for effi- 
cient managerial choice. 

Economic-engineering techniques have become well 
established during the past ten years. The possibili- 
ties of cost reduction with these methods and the use- 
fulness of the research results as management de- 
cision aids have been amply demonstrated in many 
studies, as indicated above, as well as by the work of 
some commercial enterprises. The research tools do 
not belong to any one group but involve a merging 
of several disciplines. They integrate with and com- 
plement the type of analysis commonly referred to as 
Operations Research or Management Science. 


Food Technology 
International 


Policy Statement on Cooperation 
for Progress in Latin America 


Released 


The results of a two-year study by the Research 
and Policy Committee of the Committee for Economic 
Development on Cooperation for Progress in Latin 
America were released in Washington during April. 

The 64-page report outlined steps that need to be 
taken now in cooperation with the twenty Latin- 
American Republics in order to promote their eco- 
nomic and social progress. 

According to the Committee, the U. S. should 
promptly and fully follow up its promise to provide 
an initial contribution of $500 million for a special 
Inter-American Fund for Social Progress. If the 
Fund proves of value, the U. S. should be prepared 
to add to it. Social progress is not only the desired 
goal of economic development; it is an important 
means for promoting it. Satisfactory growth requires 
that people be educated, mobile, and motivated to seek 
improvement of their lives within the system rather 
than by its overthrow, the report asserts. 

Assisting and encouraging the vigorous promotion 
of agricultural education would be one of the best 
uses of the Social Fund, the report states. This could 
be achieved by improving extension services as well 
as more-formal farm training, agricultural colleges 
and research stations. 

Pointing to the extreme shortage and high cost of 
eredit for agriculture in Latin America, the report 
proposed that the U. S. provide technical assistance in 
creating rural credit institutions, both private and 
public, to channel credit into rural areas and to pool 
the risks of agricultural credit. 

The report stated that the Committee could not 
emphasize too strongly its belief in the importance 
of improved education to the economic and social 
progress of Latin America. Although many Latin- 
American countries are making a strong educational 
effort in relation to their incomes, the illiteracy rate 
even in a relatively developed country like Brazil 
exceeds 50 percent. 

The help not only of the U. 8. government but also 
of the U. 8S. educational institutions and foundations 
is needed, the report asserted. Of particular im- 
portance, such nongovernmental organizations could 
provide assistance in strengthening existing colleges 
and universities in Latin America and in the estab- 
lishment of new ones. 

Business leaders in the U. S. and in Latin America 
were particularly urged to consider the great con- 
tributions that can be made by systematic training on 
the job or associated with work. 
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1 West 26th Street, New York 1, N.¥ 


KNICKERBOCKER PRODUCT DEVELOPMENT CAN HELP ANSWER YOUR FLAVOR PROBLEM. If you have a product which requires flavor to 
make it sell, it is a good idea to consult Knickerbocker. We have been “‘merchants of good taste” for over 100 years. Knickerbocker quality 
spices and seasonings help improve flavor and eye appeal of the widest variety of today’s processed foods. 


Our experience and expanded laboratory facilities are at your service. State your flavor problem in a letter to Knickerbocker Director of Product 
Development. We can tailor a distinctive flavor to your specific needs. 
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Food Additives 


Panel Reports on Some Additives 
Generally Recognized as Safe 


The report called for the U.S. to give urgent atten- 
tion to ways in which the Latin-American countries 
may be assured of a rising trend, and greater stability 
of export earnings. Specifically, the International 
Monetary Fund should be active in using its increased 
reserves to ease the effects of temporary exchange 
shortages; that the U. S. urge the North Atlantic 
Community to open its markets to Latin America on 
a low tariff, or nontariff, nondiscriminatory basis; 
and that the U. 8. consider participation in an inter- 
national coffee agreement along with the coffee ex- 
porting countries if the agreement gives reasonable 
promise of cushioning a transition to free interna- 
tional coffee markets. 

Urging an increased flow of publie funds to Latin 
America from the U. S., the report stated the uses to 
which these funds be directed should include assist- 
ance to the development of private enterprise (in- 
cluding small business) through the creation or 
strengthening of development banks, farm credit 
institutions, and private financial institutions. 

Activities of U. S. businesses in Latin America have 
been extremely helpful to the host countries, the re- 
port pointed out, and urged that the U. S. and Latin- 
American governments seek in all feasible ways to 
enlarge the mutually beneficial activities of U. S. 
businesses in those countries. 

Negotiations of ‘‘tax sparing’’ treaties with all 
Latin-American countries that want to use the tax 
incentive to attract capital was encouraged by the 
Committee. U. S. businesses were also encouraged to 
adopt policies that would identify them with the com- 
munities in which they operate. Specifically, it was 
suggested that qualified nationals be trained for 
higher managerial, professional and technical posi- 
tions; that economical sources of local supply be en- 
couraged; that, where feasible, stocks of foreign 
subsidiaries be offered for public sale in the countries 
where they operate; and that such subsidiaries issue 
regular, publie reports on their operations as their 
parent companies do in the U.S. 

Latin-American businessmen were also called upon 
to follow the outstanding examples of some of their 
number in recognizing their heavy responsibility in 
Latin-American development, and to join actively in 
the search for ways to achieve the objectives of the 
society; the most urgent of which is to improve the 
conditions of life of the neglected millions. 

The report suggested that Latin-American business 
leaders form such organizations as the Committee for 
Economie Development, which offered its services to 
establish such a project. 

The Committee for Economic Development is a 
group of 200 leading U. S. businessmen and univer- 
sity presidents whose purpose is to contribute to full 
employment and higher living standards; to promote 
economic growth and stability; and to strengthen the 
concepts and institutions essential to progress in a 
free society. 

Headquarters for CED are at 711 Fifth Ave., New 
York 22, N. Y. 


In an attempt to aid its members in complying with 
the Food Additives Amendment, the Flavoring Ex- 
tract Manufacturers’ Association has recently issued 
an extensive list of flavoring substances generally 
recognized as safe for their intended use. 

The examination of a large number of flavoring 
substances which resulted in the publication of the 
present list is the work of a panel of unbiased experts 
selected by the Association for their ou.standing pro- 
fessional competence and reputation. 

In arriving at its conclusions as to whether a flavor- 
ing substance is generally recognized as safe for its 
intended use, the panel has used information coming 
from the FEMA Flavor Additive Survey, available 
literature on the toxicology and metabolism of the 
substances under examination, and the panel’s own 
background of knowledge and experience. 

The FEMA Flavor Additive Survey has provided 
information on more than 1,300 ingredients regard- 
ing the flavors and foods in which they are used, 
their importance to industry, levels of use in specific 
foods, approximate annual volume of use, length of 
time used, and the available toxicological data. 

The recently issued panel report is by no means 
complete, and the absence of an ingredient should not 
be construed as its having been judged unfavorable. 
Only a portion of the total number of ingredients 
covered by the FEMA survey has been checked to 
date. Furthermore, on some of those reviewed the 
panel has made no decision until further information 
on composition or toxicity is obtained. 

Additional information on the Panel Report may 
be obtained from Dr. Richard L. Hall, Chairman, 
Food Additives Committee, Flavoring Extract Manu- 
facturers’ Association, McCormick & Co., Ine., 414 
Light St., Baltimore 2, Maryland. 


Conferences on Food and 
Nutrition, Toxicology and 
Safety Evaluations 


The Gordon Research Conferences on Food and 
Nutrition, and. Toxicology and Safety Evaluations 
will be held in New Hampshire during periods from 
June 12 to September 1, 1961, at Colby Junior Col- 
lege, New London; New Hampton School, New Hamp- 
ton; Kimball Union Academy, Meriden; and Tilton 
School, Tilton. 

The conferences are designed to stimulate research 
through informal meetings which include scheduled 
lectures and discussion groups 

The informal pattern of the conferences has proven 
valuable in that it reaches into areas not attainable 
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new P-K solids-processor performs up to 10% 
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PROCESSING OPERATIONS 


. Gentle precision blending 
Intensive blending 

. Liquid-solids blending 

. Granulation of solids 
Vacuum drying of solids * 

. Coating of solids 

. Heat sterilization of solids 
Gas sterilization of solids 

. Chemical reaction of solids 
10. Heating or cooling of solids 


(Many of these operations can be performed under vacuum) 


The P-K Solids Processor offers new economies 
in quality control, equipment, time, manpower, 
space. For the first time it combines vacuum dry- 
ing and liquid-solids blending in one fully pack- 
aged unit, performing more operations than ever 
before possible. 


DRY BLENDING — With this latest P-K “Twin- 
Shell” development you can tumble solids to 
give gentle precision blending. This may be done 
under vacuum or atmospheric conditions, in 
inert or sterilizing gas, with heat in jacket up to 
200°F., or with cooling through jacketed shell. 
If required, intensifier bar action breaks 4 
agglomerates or gives uniform dispersion of diffi- 
cult materials such as pigments. 

LIQUID DISPERSION, GRANULATING — You can 
disperse controlled amounts of liquid uniformly 
into solids. Fluids of any viscosity can be handled. 

Dispersion can be sufficiently intimate to pro- 

vide a lump-free powder. Or you can regulate 
it to produce granulations of controlled size. 
As in dry blending, you can conduct these steps 
under vacuum or atmospheric conditions, in 
inert or sterilizing gas, or with cooling or heat- 
ing through jacketed shell. 
VACUUM DRYING — You can use the P-K Solids- 
Processor to vacuum dry heat sensitive materials. 
A separately actuated agitator speeds drying to 
a finished fine powder or controlled granule. In 
final stages of drying, direct hot air or gas can 
be introduced. 

All P-K Solids-Processor systems are com- 
pletely packaged. Available in standardized 
models with charge capacities from one to fitty 
cubic feet. 

PRE-TEST SERVICES — A production model of the 
new Solids-Processor is available for pre-testing 
at our Pre-Test Laboratory in East Stroudsburg. 
Standard, intensifier and liquid-solids “Twin 
Shell” Blenders are also available . . . as are 
packaged vacuum tumble dryers (conical type) 
and ribbon blenders. Using your materials, P-K 
engineers can demonstrate things impossible to 
see without pilot study . . . work out subtle vari- 
ables in blending, granulating, drying . . . indi- 
cate scale-up results and operational procedures 

and predict savings in materials, labor, 
investment. 

To discuss pre-test arrangements, or to obtain 
our latest technical literature, write or phone 
George Sweitzer at Stroudsburg, Hamilton 1-7500. 


*Patented and Patents Pending 


Patterson Kelley 


Chemical and Process Equipment Division 
186 Burson Street, East Stroudsburg, Pa. 
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through the usual channels of publication and scien- 
tific meetings. Sufficient time is available to stimu- 
late informal discussions at each meeting so that 
scientists in related fields form valuable associations 
which often result in collaboration, and cooperative 
efforts among different laboratories. The programs 
themselves bring scientists up-to-date on developments 
together with analyses on their significance, and 
stimulate suggestions on the underlying theories and 
profitable approach methods toward progress. 

Information resulting from formal presentation or 
informal discussion at the conferences is never used 
without specific authorization of the individual mak- 
ing the contribution, and scientific publications are 
not prepared as emanating from the conferences. 

A few of the topics included in the scheduled lee- 
tures are: Toxie Substances in Natural Foods and 
Their Significance; Food Antimicrobial Agents, 
Technology and Legality; Progress in Space Foods 
and Nutrition; Fatty Acids and Tocopherol; Carbo- 
hydrates and Nutrient Utilization; Nutrition and 
Disease (including mental); Obesity and Athero- 
sclerosis; Evaluation of Toxie Materials Using Hu- 
mans; Metabolism of Organophosphorus Pesticides ; 
Interpretation of Animal Toxicity Data in Human 
Safety Evaluation of Pesticides; Evaluation of Car- 
cinogenie Effect of Food Additives; Engineering 
Aspects of Atmosphere Control; Predictive Methods 
for Reeognizing Cutaneous Allergens and Irritants; 
and Drug Evaluation for Veterinary Use. 


BOOK REVIEWS 


OrriciAL Mernops of ANALYSIS OF THE Assocl- 
ATION OF OPFICIAL AGRICULTURAL CHEMISTs. Ninth 
Edition, William Horwitz, Editor, Association of Offi- 
cial Agricultural Chemists, P. O. Box 540, Benjamin 
Franklin Station, Washington 4, D. C. ($17.50). 

In this Ninth Edition, the Association presents all 
the changes in its analytical methods that have been 
acted upon sinee the 1955 edition. An improved 
format and certain technical improvements should 
make the volume easier to use by analysts. The major 
divisions of the book are: 1) Agricultural materials, 
2) Miscellaneous materials not foods or drugs, 3) 
Foods, 4) Drugs and cosmetics, 5) Sanitation, 6) Gen- 
eral, and 7) Reference tables and index. There are 
43 chapters. 

The 9th Edition has expanded chapters on fer- 
tilizers, pesticides, beverages, flavors, pesticide resi 
dues, drugs, and nutritional adjuncts. There are new 
chapters on disinfectants and drugs in feeds. 

All methods used have been subjected to extensive 
collaborative testing and are approved by the As- 
sociation in convention. The methods are the **bible’’ 
of all governmental regulatory agencies and are 
usually the basis for specifications in government 
purchases. The book is a ‘‘must’’ in all analytical 
laboratories in the food industry. 


Richard H. Forsythe 
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MARKETING Pouuttry Propucts. By Earl W. Benja- 
min, James M. Gwin, Fred L. Faber and William D. 
Termohlen. John Wiley & Sons, Inc., New York. 

This, the fifth edition of a work that for over thirty- 
five years has been used as a textbook and reference, 
has been drastically changed and revised from earlier 
versions. Added emphasis has been given to the 
economics of marketing. It reflects, at least in part, 
the changes that have been taking place in the poultry 
products industry. 

Apparently designed originally as a text for col- 
lege students with interests in the poultry products 
field, the present version is also well adapted to use 
in vocational agriculture schools. It is clearly writ- 
ten, in nonteehnical language. Subject matter is 
clearly divided among functions and processes. A 
vast amount of reference material has been condensed 
into brief form, within a little over 300 pages, to 
present a picture of the basic forms and methods of 
this industry that should be useful in establishing a 
practical background of knowledge for students di- 
rectly or indirectly concerned with the poultry or 
poultry products industry. 

Unfortunately, the lag involved in the mechanics 
of book publishing has prevented the authors from 
presenting an accurate picture of the present indus- 
try, which is in the throes of rapid change and 
progress. For the more serious student of the indus- 
try who uses this text for an understanding of the 
background, further reading of current industry and 
technical magazines should be recommended as a 
means of keeping pace with present trends and ad- 
vanced practices and methods. Most of the statistical 
and cost material in this book dates from 1958. The 
very latest is January, 1960. 

For convenience in using as a student text, review 
questions, supplementary reading lists, and a selec- 
tive bibliography have been added in this version. 
Illustrations as available from within the industry 
are reasonably adequate. Printing and format are, in 
line with modern textbook practices, of good quality. 
U. S. Department of Agriculture sources have been 
drawn upon heavily in presenting data and general 
information to useful advantage. In practical oper- 
ational procedure, those sources are not infrequently 
lacking in competence as compared with men who are 
within the industry itself. 

In view of the many facets in processing and mar- 
keting that now characterize the poultry products in- 
dustry, closely condensed coverage of many of these 
phases has been necessary for inclusion within so far- 
reaching a coverage. 

For those within the industry and allied fields who 
have time to look back and contemplate changes, this 
book, along with the earlier versions, could provide 
an interesting record of the changes in pattern and 
methods that have swept in waves over this business. 

Not entirely in line with the context of the earlier 
part of this book, but as evidence of forethought, the 
later paragraphs discuss in considerable detail the 
kinds of egg and poultry laws in effect in different 
states over the country, and the prospects and possi- 
ble effects of changes in legislation. There is comment 
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THE MAGIC TOUCH OF LACTOSE makes food 


flavors sparkle with life! Food products...whether bulk or packaged... take on 
bonus flavor with Lactose. This low sweet, sustained energy sugar of milk also extends shelf life, 
preserves aromas and boosts nutritional values. YG Only Western Condensing Company produces 
. Edible Lactose in the full range of controlled mesh sizes required by the food field. Strict chemical 
q and bacteriological specifications, rigid quality control and years of processing experience assure 
highest quality. W For complete details, get in touch with Western, world’s largest producer of 

Lactose, pure milk sugar. Write, wire or phone today. 


Western Condensing Company - Appleton, Wisconsin 
Division of Foremost Dairies, Inc. 
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beer, starch 
milk, coffee] 
the 
Meter hand 


Miller Brewing Company 
uses Foxboro Magnetic Flow Meters to 
provide precise, automatic control of 
their flow to filters. Since Magnetic 
Meters have no flow restrictions of any 
type, they are cleaned “in place” by 
sending cleaners and ball brushers right 
through the line. 


International Salt Co. 

uses 6 Foxboro Magnetic Meters to 
measure 220° salt brine discharged from 
filters of Recrystallizer Process. Meters 
have corrosion-proof liners — give linear 
measurement, with an accuracy of +1% 
of range across the entire scale. Meters 
are installed outdoors — need no pro- 
tective housing. 


Winebrenner Cannery 
cut its town sewage tax by installing this 
8 in. Foxboro Magnetic Flow Meter in 
effluent line. Town used to bill on basis 
of water consumption — now bills on 
flow meter readings. In canning season, 
when much water is shipped out with 
their products, savings are considerable. 
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molasses, 
Magnetic Flow 
them all 


Ralston-Purina Company 

uses a Teflon-lined Foxboro Magnetic 
Meter to meter molasses into animal 
feeds. Flow rate is accurately controlled 
by Foxboro Dynalog Recorder-Controller 
shown above. Dynalog” instrument also 
provides instantaneous reading of flow 
rate, as well as a chart record of each 
24-hour operation. *Reg. U.S. Pat. Off. 


Anheuser-Busch, Inc. 

Corn Products Dept. installed Foxboro 
Magnetic Meters to meter starch slurry 
direct from storage to converter. Meas- 
urement is made by electrodes flush- 
mounted in meter wall. Meter accuracy 
is unaffected by changes in slurry den- 
sity, temperature, pressure, viscosity or 
chemical composition. 


FOXBORO 


"46. PAT. OFF, 


Write for 
Bulletin 20-14 
The Foxboro 
Company, 

356 Norfolk St. 


Foxboro, Mass. 
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on discriminatory legislation favoring local produc- 
tion. The present sessions of the legislatures of many 
of the important poultry-producing states are clut- 
tered with wide varieties of poultry and egg bills, as 
evidence that laws and regulations at both state and 
national levels may have added impact on the shape 
of our producing and marketing industry. 

In the face of the expansion, changing integration 
and size factors, and the trends toward advanced 
processing and convenience products, future versions 
of this standard publication may be forced to come 
out in multiple books, applying to eggs and poultry 
meat products separately. Specialization is moving in 
fast within these fields. In view of the many problems 
involved, we feel that the authors have turned out a 
useful workmanlike book for the scope it is intended 
to cover. 


Harry E. Drews 


Proptems In Toxicotogy. Coon, J. M., and May- 
nard, E. A., eds. Proceedings of a symposium at the 
meeting of the Federation of American Societies for 
Experimental Biology in Chicago, April 13, 1960. 
Federation Proceedings 19, No. 3, Part Il (1960) 
52 pp. 

This symposium, sponsored by the American Society 
for Pharmacology and Experimental Therapeutics 
and the American I/nstitute of Nutrition, was or- 
ganized by the Food Protection Committee, National 
Research Council; Toxicology Study Section, Na- 
tional Institutes of Health; and the Committee on 
Toxicology, National Research Council. It was pre- 
sented in two sessions at the annual meeting of the 
Federation of American Societies for Experimental 
Biology, in Chicago on April 13, 1960. The partici- 
pants, outstanding leaders in this field, are to be com- 
mended for presenting their problems in a realistic 
and concise manner. 

E. M. K. Geiling and William D’Aguanno, of the 
and Drug Administration, discussed ‘‘OQur Man- 
Made Noxious Environment.’’ These authors pointed 
out problems in radiation fallout, air pollution, and 
misuses of agricultural chemicals and medicated 
feeds. Food additives from food processing equip- 
ment and packaging materials were also considered. 
They discussed accidental poisoning, particularly of 
children, and the establishment of Poison Control 
Centers. The common figure of 2,500 is given for the 
estimated number of chemicals introduced into foods 
as preservatives, color-improvers, extenders, flavor in- 
tensifiers, texture modifiers, and nutritional factors. 
It was also stated that new types of packaging offer 
a potential source of food additives since diffusion of 
chemicals of unknown activity may occur from the 
food package during storage. 

Natural food components may be more toxie than 
food additives. Essential nutrients, such as vitamins 
A and D, may produce toxie effects when taken in 
excess, whereas substances regarded as poisons for 
years may also be essential nutrients, such as selenium, 
fluorine, and iodine. Dr. William J. Darby discussed 
these problems in his paper, ‘‘Food Additives and 
Natural Components.’’ He also pointed out that many 
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raw foods contain substances that cause toxie reac- 
tions when consumed in excessive quantities: anti- 
trypsin in uncooked soya, gossypol in cotton seed; 
cyanide precursors in some nuts and manioe; oxalic 
acid in rhubarb, spinach, chard, and poke ; and solanin 
in improperly harvested potatoes. 

A. J. Lehman, Food and Drug Administration, de- 
scribed the control of toxicity in foods, drugs, and 
cosmetics. Other than a few paragraphs of general 
definition of terms from the new Food Additives 
Amendment, the body of this paper is concerned with 
the toxicity of drugs and cosmetics. Dr. Lehman 
stressed the need for the development of new tech- 
niques in toxicity testing for all fields. 

The problem of misuse of agricultural chemicals 
was delineated by G. C. Decker, Illinois Agricultural 
Experimental Station. The need for education in the 
use of these chemicals was stressed, as well as the 
necessity for their use if we are to maintain our ability 
to feed the nation with a dwindling farm population. 
H. W. Gerarde described the duties of an industrial 
toxicologist in a chemical plant. The problems en- 
countered here range from providing for the safety 
of the laboratory bench worker to the ultimate con- 
sumer of a cake mix. Surely not the least of his prob- 
lems is the safety of the workers in the industrial 
chemicals plant. 

A concise discussion of the hazards of water and 
air pollution was presented by H. E. Stokinger, U.S. 
Public Health Service. Water pollution occurs from 
both chemical synthetics and increasing mineraliza- 
tion. The metabolism of industrial wastes is an un- 
explored field, and this lack of information prevents 
evaluation of the public health hazards caused by the 
pollution. Air pollution results in smog caused by 
multiple agents. This hazard is further intensified 
by the interaction, synergism, or antagonisms of the 
various components. Some headway has been made 
in studying the effects of these reactions on man, but 
no similar attention has been given to the effeets of 
the combination of air pollutants on vegetation. 

Three interesting papers in this symposium were 
‘*Radioactive Materials,’’ by C. L. Dunham, U. 
Atomic Energy Commission; ‘‘Some Toxicological 
Hazards in Submarines,’’ by J. L. Kinsey, Depart- 
ment of the Navy; and ‘‘Space Hazards,’’ by D. E. 
Smith, Argonne National Laboratory. The hazards of 
radioactive fallout and travel in space as well as be- 
neath the sea are not a general problem to us as Food 
Technologists, but they are extremely important to 
us as citizens for the survival of our way of life. 

Henry Smythe, Mellon Institute, presented a 
thought-provoking paper on ‘‘ Recognition of Toxi- 
cology as a Scientific Discipline.’’ He traced the his- 
tory of toxicology as a ‘‘profession’’ and examined 
the derivation of the word. He also emphasized the 
differences between pharmacology and_ toxicology, 
and stressed the point that it is the duty of the toxi- 
cologist to evaluate the safety of utilization of the 
substances he has studied. Others cannot possibly 
know all the factors that must enter into the final 
decision. 
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In line with this paper, H. C. Hodge, University of 
Rochester, discussed the ‘‘Training of Toxicologists.’’ 
He described the duties of toxicologists, the need for 
more trained personnel in all branches of toxicology, 
and pertinent research fields for training toxicologists. 

The impact of the new Food Law Amendment on 
agriculture, the food industry, and suppliers to the 
food industry has made the problems of toxicology 
some of the most pressing ones today. These papers 
show that workers in fields other than food technology 
should be concerned with the ‘‘Problems in Toxi- 
cology’’ since they too contribute to ‘‘Our Man-Made 
Noxious Environment.’’ Marearet Ives 


Propuction AND Processing. Henry F. Jud- 
kins and Harry A. Keener, viii + 441 pages (49 pages 
of Appendix) John Wiley and Sons, Inc., New York. 
1960. 

‘*Milk Production and Processing’’ is intended to 
serve as a text for orientation courses in dairying for 
students in agricultural high schools or colleges of 
agriculture. The book is so out-of-date in many re- 
spects that the student who uses it would obtain a 
misleading impression of the modern dairy industry. 

Treatment of subject matter is necessarily very 
general, since both the production and processing 
phases of the industry are covered in only 391 pages 
(plus appendix). Readers of Foop TrecHNnoLocy 
would be most interested in the 14 chapters dealing 
with milk composition and the quality and processing 
of dairy products. Hence, only this portion of the 
book is reviewed here, without consideration of the 
8 chapters (143 pages) that deal with production 
phases such as dairy-farm operation, dairy breeds, 
raising herd replacements, cattle feeding, and other 
aspects of herd management. 

The general organization of the processing portion 
of the book is conventional, with chapters on composi- 
tion and processing of milk, food value of milk, vari- 
ous milk-quality tests, market milk, ice cream, butter, 
cheese, and other dairy products. Organization with- 
in some chapters is confusing. For example, in the 
chapter on quality tests for milk, the methylene-blue 
reduction, resazurin, fermentation, and laboratory 
pasteurization tests are listed under chemical and 
physical tests, but descriptions of the standard plate 
count, direct microscopic count, and a section on 
special tests for specific groups and species are in- 
cluded under ‘‘ Bacteriology of Milk.’’ 

Selection and emphasis of subject matter over the 
broad field covered by a book of this type is arbitrary, 
but the reviewer does not agree with the compromises 
in some sections. One might question the need to de- 
vote 31 pages to the Babcock test, including detailed 
directions for the procedure, especially since this in- 
formation is readily available in many standard 
laboratory manuals and in bulletins distributed 
widely by agricultural colleges and universities. In 
dealing with tests for solids-not-fat, 7 pages are de- 
voted to the lactometer, but only one paragraph to the 
gravimetric procedure, which is acknowledged as the 
most reliable standard, and there is no mention of 
modern methods such as the dye-binding test now 
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»d extensively in some countries in Eurepe. Under 
»es of abnormal milk, there are separate headings 
- rare defects such as blue milk, yellow milk, and 
ody milk, but in spite of the statement that ‘‘the 
isumer judges dairy products almost entirely by 
vor,’’ the book contains very little information on 
-flavors of milk such as feed, oxidized, light, rancid, 
. The index includes no references to flavor defects. 
Although the publishers describe the book as an 
-to-date introduction to the dairy industry, in some 
pects it verges on obsolescence. USPHS standards 
- pasteurization given in the book were changed in 
53. Terms such as lactochrome, lactoflavin, and 
hromate of potash are no longer in general use. 
ere is no longer any need for comparison of cen- 
fugal separation with gravity creaming as a pro- 
etion-scale method of separating cream. It has been 
ars since many investigators would agree that 
leinase is said to play a part at times in the de- 
lopment of oxidized flavor.’’ Even though the 
thors devote a section to opportunities for students 
the dairy industry, the viewpoint seems to point to 
actices of the past rather than to challenges of the 
ture. 

There are numerous erroneous or misleading state- 
mts. A few examples: ‘‘Many of the materials one 
23 daily are made from casein plastic, such as but- 
is, combs, fountain pen barrels, electrical insulation 
iterials and like produets.’’ In fact, the reviewer 
ds difficulty in obtaining samples of casein plastics 
xcept in buttons). In the sections on the Babcock 
t and the centrifugal separator, it is stated that 
itrifugal force draws (rather than displaces) the 
hter part to the center. ‘‘When a substance con- 
ning cholesterol is subjected to ultra-violet rays, 
2 cholesterol changes to vitamin D’’ is an over- 
aplified, misleading statement. The reviewer con- 
lers that egg yolk solids are infrequently used in 
mmercial ice cream, not ‘‘frequently,’’ as stated in 
» book. The section dealing with starter butter 
ves two misleading implications—that starter but- 
- is standard and sweet cream butter is relatively 
w, and that starter butter is likely to contain 
Organisms. 

The book is well bound, printed in large, clear type 
good-quality paper, and is well illustrated. 


W. L. DuNKLEY 


‘*The following, written by David Kritchevsky, 
of Philadelphia, was recently published in the 
New England Journal of Medicine... 


Cholesterol is poisonous 

So never, never eat it. 

Sugar, too, may murder you 
There is no way to beat it. 
And fatty food may do you in; 
Be certain to avoid it— 

Some food was rich in vitamins 
But processing destroyed it. 
So let your life be ordered 

By each documented fact 

And die of malnutrition 

But with arteries intact.’’ 
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June 15 


June 18-2: 


June 


June 19-2: 


July 


Sept. 


Sept. 


Sept. 


Sept. 


Sept. 


Oct. 7-12 


Oct. 15-18 


. 18-20 


Oct, 24-27 


Nov. 5 


Nov 


Nov. 


Nov. 


Nov. 27 
Dee. 1 


1962 
Feb. 9-11 


June 10-14 


FUTURE MEETINGS FOR 
FOOD TECHNOLOGISTS 


3rd Biennial International Gas Chromatogra- 
phy Symposium, Kellogg Center, Michigan 
State University 


Shrimp Association of the Americas, Mexico 
City 


Association of Food & Drug Officials of the 
United States, Mayflower Hotel, Washington, 


American Home Economies Association, Audi- 
torium, Cleveland, Ohio 


42nd Annual Meeting, Pac. Div. Amer. Assn. 
Advancement of Science, Univ. of Calif., 
Davis. 


National Food Distributors Association, New 
York City 


llth National Chemical Exposition, Interna- 
tional Amphitheatre, Chieago, Illinois 


American Meat Institute, Palmer House, Chi- 
cago, Illinois 


Australian Conference on Food Technology, 
C.8.1.R.0., Homebush, Australia 


International Conference on Fish in Nutri- 
tion, Washington, D. C. 


American Hotel Association, Washington, 
D. C. 


3aking Industry Exposition, Convention Hall, 
Atlantie City 


National Association of Food Chains, Palmer 
House, Chicago, Illinois 


National Packaging Forum of Packaging In- 
stitute, Biltmore Hotel, New York City 


American Dietetic Association, Jefferson 
Hotel, St. Louis 


National Frozen Food Association, Bal Har 
bour and Americana Hotels, Miami Beach 


National Hotel Exposition, Coliseum, New 
York City 


Air Conditioning and Refrigeration Institute, 
Homestead Hotel, Hot Springs 


British National Association of Wholesale 
Distributors of Frozen Foods—Annual Luneh, 
Trocadero, London 


28th Exposition of Chemical Industries, New 
York Coliseum 


Institute of American Poultry Industries’ 
33rd Annual Fact Finding Conference; Mu 
nicipal Auditorium, Kansas City, Missouri 


Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 
Eden Roc Hotel, Miami Beach, Florida 


An open invitation is extended to readers of Foop TroHNOLOGY to 
send in to the Editoria! Office, P. 0. Box 164, Davis, Oalifornia, notices 
of annual or national meetings of interest to food technologists. 


The Epicurean 


Processed Meats Seasoned With 


MAGNA CONCENTROLS 


taste better, sell faster because these 
scientific formulations of spice essential 
oils and oleoresins are 100% natural 
flavor obtained from the finest herbs and 
spices. All of the flavor is released im- 
mediately. Your products are uniformly 
seasoned at all times. 


Popular MAGNA CONCENTROLS include: 
BOLOGNA No. 128 
CORNED BEEF HASH No. 146 
FRANKFURTER No. 130 
LIVERWURST No. 112 
SALAMI (Various types) 
SAUSAGE (Various types) 
WIENER No. 153 


Mail us in confidence a sample of any 
dry soluble seasoning and we will con- 
vert it into a MAGNA CONCENTROL and 
send you an ample testing sample with 
instructions for use. No cost or obligation. 


MAGNUS, MABEE & REYNARD, Inc. 


Loesential Oils and Concentrated 
Flavors 


16 Desbrosses Street, New York 13, N. Y. 
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Rapiation TECHNOLOGY IN Foon, 
AGRICULTURE, AND Nor- 
man W. Desrosier and Henry M. 
Rosenstock, The AVI Publishing 
Company, Ine., Westport, Conn., 
1960. 

It is clear from a reading that 
the authors of this book were con- 
fronted with difficult problems of 
presentation of the material that 
needed to be covered in accordance 
with the title. These problems 
arise, principally, from the nature 
of the intended readers. To 
workers in the fields of food, agri- 
culture, and biology, radiation is 
for the most part a strange sub- 
ject, and the background necessary 
to understand and interpret the 
various aspects of radiation is un- 
likely. Hence, the authors found 
it necessary to lay this backgroun«| 
by describing radiation, including 
its generation and handling. This 
they have done in an excellent 
fashion. 

The authors were confronted 
with similar problems in other 
areas of the material they wished 
to present. They assumed that 
the readers would have sufficient 
knowledge of chemistry, and their 
chapters on Radiolysis of Water 
and Aqueous Solutions, Radiation 
Effects on Organic Compounds, 
and Effects of Radiation on Bio- 
logical Polymers, provide material 
whose understanding is dependent 
on such a knowledge. However, in 
deseribing the effects of radiation 
on cells, they found it necessary to 
provide a separate background 
chapter on the living cell. 

Some readers may find the above- 


mentioned background material 
unnecessary. Obviously, the au- 


thors must assume some scientific 
or technical knowledge, and it is a 
matter of judgment on their part 
in the amount of background ma- 
terial that is required. The suc- 
cess of the authors in this area will 
clearly vary with the needs of each 
reader. 

The parts that relate specifically 
to radiation technology in food, 
agriculture, and biology provide 
an excellent picture of the field. 
As might be expected, principal 
emphasis is on radiation preserva- 
tion of food; and if one were to 
object to any portion of this it 
might be on the basis that it tends 
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to be somewhat unrealistic in its 
optimism. In particular, this re- 
viewer considers the flavor prob- 
lem of most irradiated foods to be 
inadequately emphasized. One not 
sufficiently informed might con- 
elude that the processes were 
tested and ready for commercial 
use. Thus, in the chapter entitled 
Food Radiation Technology there 
are listed a number of process 
specifications for various food 
products. One might interpret this 
section to mean that these proc- 
esses have current commercial sig- 
nificance. The hard facts of com- 
mercial requirements are not 
brought out adequately, in the 
opinion of this reviewer. 

Despite the above comments, this 
book appears to have a timeliness 


and a completeness that makes it 
useful to workers in the field of 
radiation as it concerns foods. The 
style is very readable. The illus- 
trations, tables, and bibliographies 
all contribute to this readability. 
Sinee the subject material deals 
with a rapidly developing field, one 
might expect revisions to be re- 
quired in certain areas as time 
proceeds. 

The work deals almost exclu- 
sively with work in the United 
States, and presumably is written 
for consumption by United States 
readers. 

The intensive efforts in this field 
now under way in other countries 
will need recognition in a future 
revision, 

Water M. UrBaAIN 


TECHNICAL CONFERENCES 


(Note to readers. A new feature 
is included in this issue as a service 
to those who may have missed an- 
nounecements of the many confer- 
ences held in both this country and 
abroad. Conference, paper and 
senior author, and addresses of the 
sponsoring group or individual to 
which further enquiry may be 
made are given. Space limitations 
do not permit a full listing of all 
papers presented. Foon Tecu- 
NOLOGY is NOT a source for obtain- 
ing the papers listed. Comments 
on the usefulness of this feature 
are invited. If the service does not 
command interest it will be dis- 
continued. ) 

Society for Analytical Chemistry, 14 
Belgrave Square, London, S.W.1. Ordi 
nary Meeting, London, Feb. 15. ‘‘ The 
Use of Enzymes in Analysis.’’ C. J. 
Threlfall. 

American Chemical Society, Div. Ag. 
and Food Chemistry, St. Louis, March 
21-30. 

‘*Polarographie Method for the De 
termination of Total Aseorbie Acid in 
Foods.’’ H. G. Lento, Campbell Soup 
Co., Camden 1, N. J. 

‘*Tsolation and Identification of Some 
Volatile Carbonyl Components from 
Orange Juice.’’ John A. Attaway, Cit- 
rus Exp. Stn., Univ. Florida, Lake Al 
fred, Fla. 

‘*Reeovery of Soybean Whey Protein 
with Gums and Anionic Detergents.’’ 
A. K. Smith, Northern Regional Research 
Lab., 1815 N. University St., Peoria, Ill. 

‘Amino Acid Composition of Forty- 
Three Cruciferae Seed Meals.’’ R. W. 


Selected Titles 


Miller, Northern Utilization Research 
and Development Div., Ag. Research 
Service, USDA, Peoria, TI. 

‘*The Physiological Responses of Ex- 
perimental Animals to Heptachlor and 
to Heptachlor Epoxide.’’ Sylvan Wither 
up, Kettering Lab., College of Medicine, 
Univ. Cineinnati, Cincinnati 19, Ohio. 

‘*The Biochemical Properties of Milk 
and Milk Products as Influenced by 
Natural Varietal Faetors.’’ Vladimir 
Krukovsky, Dept. Dairy and Food 
Science, Cornell Univ., Ithaea, N. Y. 

**The Influence of the Rumen on the 
Composition of Milk.’’ R. D. MeCarthy, 
Dept. Dairy Science, Penn. State Univ., 
University Park, Pa. 

‘* Variations in the Fatty Acid Com- 
position of Milk Fat.’’ E. L. Jack, 
Univ. California, Davis, Calif. 

‘*Natural Factors Affecting the Pro- 
teins of Milk.’’ B. L. Larson, Lab. Bio- 
chemistry, Dept. Dairy Seience, Univ. 
Illinois, Urbana, Il. 

‘*The Viscosity of Milk.’’ C. H. Wit- 
nah, Dept. Chemistry, Kansas State 
Univ., Manhattan, Kans. 

‘*Qualitative and Quantitative As 
pects of Metabolism of Foreign “hemi- 
eals.’’ W. Hayes, Dept. Health, Eduea- 
tion, and Welfare, Savannah, Ga. 

‘*The Metabolic Basis for Low 
Hazard in Insecticides.’’ R. D. O’Brien, 
N. Y. State Coll. Agr., Ithaea, N. Y. 

‘The Relationship of Chemical and 
Physical Properties to the Biological Aec- 
tivity and Toxicity of Some of the Or- 
ganophosphorus Compounds Used on 
Domestic Animals.’’ D. MaeDougall, 
Chemagro Corp., Kansas City 20, Mo. 

‘‘Comparative Intermediary Metabo- 
lism.’’ J. G. Miller, Animal Disease 
Labs., Coastal Plain Expt. Stn., Tifton, 
Ga. 

‘*An Appraisal of the Practical Value 
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of Metabolic Studies to Proof of Safety 
of Pesticides and Food Additives.’’ 
J. P. Frawley, Hereules Powder Co., 380 
Madison Ave., N. Y. 

‘* Experimentally Produeed Cancer, Its 
and Interpretation.’’ B. L. 
Oser, Food and Drug 
Ine., Maspeth 78, N. Y. 

‘*Gas Chromatography in 


Rationale 


Research Labs., 


Evaluation 


of Foods.’’ D. A. M. Maekay, Evans 
Research and Dev. Corp., 250 E. 43rd 
Ea 

‘*The Determination of Fluid Foods 
Shear Strength and Its Influence on 


Coating Behavior.’’ 8S. E. Charm, Dept. 
Nutrition, Food Science and Technology, 
MIT, Cambridge 39, 
**Speetrophotometric Techniques for 
Measuring Food Quality.’’ K. H. Nor 
ris, Instrumentation Research Lab., Mkt. 
Quality Research Div. Ag., Mktng. Serv 
ve, USDA, Beltsville, Md. 
‘*Eleetrophoresis of Milk Proteins in 
Their Natural Environment. A Possible 
Approach to the Study of Protein Sta- 
bility.’’ R. M. Whitney, Dept. Food 
Technology, Univ. Illinois, Urbana, IIL. 
‘*Nuclear Magnetic Resonance Spec- 
troscopy as a Tool for Food Quality 
Evaluation.’’ W. E. Baitinger, Dept. 
Purdue Univ., Lafayette, 


Mass. 


Chemistry, 
Ind, 

**Mechanism of Alterations. ’’ 
J. Siee, Div. Oneology, Chicago Medical 
School, 2755 W. 15th St., 

‘*Gastrointestinal Absorption of Pesti 
cide Chemicals and Food Additives.’’ 
G. Woodward, Woodward Researeh 
Corp., Herndon, Va. 

‘*The ‘Trregular’ 
of Some Organophosphorus Compounds. *’ 
E. Y. Dept. 
ture, Univ. Sub P. O., London, Canada. 

‘*In Vitro Metabolism of Some Chemi 


H. Gast, Resources Re 


Toxie 


Selective Toxicity 


Spencer, Canada Agricul 


eal Agents.’’ J. 
search, Ine., San Mateo, Calif 

‘*The Metabolism of Laectated Glycero 
palmitate-C™* by Rats.’’ J. F. Treon, 
Atlas Powder Co., Wilmington 99, Del. 

‘*Further Studies on the Fate of Al 
drin and Dieldrin in the Mammal.’’ 
C. J. Garratt, Shell Research Ltd., 
England. 

‘*The Metabolism of Aromatie Hydro 
earbons.’’ H. W. 
logical Research, 
wick, N. J. 

‘*FPurther Biochemical Studies of the 
Action of Dieldrin.’’ 
Dept. Biochemistry, Me 


Kent, 


Gerarde, Bureau Bio 


Rutgers, New Bruns 


Epileptogenic 
E. A. Hosein, 
Gill Univ., Montreal, Canada. 

‘* Dehydrochlorinase-Independent Re 
sistance in the Housefly.’’ D. J. Hen 
nessy, Dept. Chemistry, Fordham Univ., 
Bronx 58, N. Y. 

**Metabolism of Organophosphate In 
secticides.’’ F. W. Plapp, Entomology 
Research Div., Ag. Research 
USDA, Corvallis, Ore. 

‘*Survey of Metabolism of 
Phosphorous Insecticides in Higher Ani 
mals.’’ A. A. Kondritzer, Physiology 
Div., U. S. Army Chemical Research and 
Dev. Labs, Army Chemical Center, Md. 

‘*Fate of Diethyltoluamide in Man 


Service, 


Organie 


Chieago 8, 


Ento 


Researeh 


and Animals.’’ H. Sehmidt, 
mology Research Div., Ag. 
Service, USDA, Orlando, Fla. 

‘‘The Metabolism of Butylated Hy 
droxyanisole in the Rat, the 
Man.’’ J. 
cine, Eastman 
N. Y. 

**Metabolism of Cutrus Red No. 2, an 
Oil-soluble Food Dye.’’ W. 
Environmental Caneer Section, National 
Caneer Inst., National Inst. Health, 
Jethesda 14, Md. 

‘fA Sereening Method for the De 
termination of Chloride from Certain In 
Fat.’’ L. Koblitsky, Ent. 
Res. Div., Pesticide, Chemicals Research 
Br., Box 150, Moorestown, N. J. 

Ethion on and in 
Lemons and Oranges as Determined by 
an Infrared Spectrophotometrie Pro 
‘*Field Persistence of the 
Tedion on and in Mature 
Three Residue 
‘*Gas Chromatography 
New Methods of 
Detection of Organo 


Dog, and 
Mills, Lab. Industrial Medi 
Kodak Co., Rochester 4, 


D. Conway, 


secticides in 


Residues of 


cedure’’; 
Aearicide 
Oranges and Lemons by 
Methods’’; and 
of Pesticide Residues. 
Clean-up and of 

Compounds. ’’ F. A. Gunther, 
California Citrus Expt. Stn., 
Riverside, Calif. 

American Meat Institute Foundation, 
135th Research Conferenee, March 23-24, 
Requests for any of the 
following papers should be made to the 
AMIF, 939 E. 57th St., Chicago 37, Tl. 

‘*A Mechanism of Antibiotic Action 
Related to Growth.’’ W. J. Visek, Univ. 
Chicago. 


halogen 
Univ. 


Univ. Chie: go. 


‘*The Occurrence and Significanee of 
Salmonella in Meat Animals and Animal 
By-Produet Feeds.’’ 
AMIF. 

‘*Chemotherapy in 
of Swine.’’ W. D. 
State Univ. 

Standards for 
Foods?’’ G. M. Dack, Univ. Chicago. 

‘*Relationship of 
Properties.’’ E. J. 
Univ. Wisconsin. 


Niven 


Parasitic Diseases 
Lindquist, Michigan 


Bacteriological 


Feeding to Meat 
Composition and ; 
Briskey, 

‘Consumer Preference for Beef Fat 
tened on Grass and Grain.’’ L. D. Mal 
phrus, Clemson College. 

‘*Tendered Meat 
tem Vascular Injeetion of 
Enzymes.’’ P. A. Goeser, Swift Co 

‘*Salt-Polyphosphate Inter 
ships as They Influence Meat Character 
istics.’’ J. H. Mahon, Hagan Chemicals 
and Controls, Ine. 

**Characterization of Meat Flavor 
Components.’’ O. F. Batzer, AMIF. 

**Operating Experiences in Anaerobic 
Treatment of Packing House Waste.’’ 
A. J. Steffen, Wilson Co., Ine. 

‘Meat Research in the Netherlands.’’ 
B. Krol, Central Inst. for Nutrition and 
Food Research, Netherlands. 

‘*The Structure and Properties of Col 
lagen.’’ A. Veis, Northwestern Univ. 

‘*Flexible Packaging of Heat Proce 
essed Foods.’’ F. J. Rubinate, QM Food 
and Container Inst. Armed Forces. 


Ante-Mor 
Proteolytie 


Through 


relation 


‘*Smoke Composition and Factors In 
fluencing Smoked Meat Flavor.’’ G. D. 
Wilson, AMIF. 


essential 
to quality 


Whatever the key to your product 
success — distinctive flavor, texture, 
purity, etc.— precise pH control 

is essential to quality. You can rely 
on Beckman pH equipment to 
enhance your product reputation 
and to increase your consumer 
acceptance. For 25 years, leading 
food processors have specified 
Beckman because its complete line 
of laboratory and industrial 
meters, electrodes, and accessories 
is the most accurate, dependable, 
and versatile pH equipment 
obtainable at the lowest cost. For 
details on Beckman laboratory pH 
products, see your laboratory 
apparatus dealer; for additional 
information about continuous 
process pH instrumentation, corisult 
your Beckman Sales Engineer. 

Or, write for Data File 84-6-01 


Beckman: 
Scientific and Process | Instruments Division 


truments, Inc 


Fullerton, Califorma 
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Interested personal service— 
always— 
when you buy from Eastman 


Tenox’ 


Eastman 
food-grade 


antioxidants 


Eastman manufactures the 
three basic antioxidants for 
edible fats and oils. 


Tenox BHA 
butylated hydroxyanisole 


Tenox BHT 
butylated hydroxytoluene 


Tenox PG 
propyl gallate 


These antioxidants are sup- 
plied alone and in many dif- 
ferent ratios and combinations 
to meet specific processing or 
service requirements, e.g., 
Tenox 2, Tenox 4, Tenox 6, 
Tenox R and Tenox S-1. 


For more information on 
Tenox antioxidants and their 
use in fat- and oil-containing 
foods, send for catalog No. 
G-109, ‘‘Tenox, Eastman 
Food-Grade Antioxidants.” 


For properties and shipping 
information on these and 
other Eastman products, see 
Chemical Materials Catalog, 
page 363, or Chemical Week 
Buyers’ Guide, page 107. 


Eastman 


American Assn. Cereal Chemists, 46th 
Annual Meeting, April 9-13, Dallas. Re- 
quests for papers should be made to the 
Association at 1955 University Ave., St. 
Paul 4, Minn. 

‘*The Migratory Potential of Volatile 
Packaging Components.’’ 

Chemistry and Technology of Yeast: 

‘*The Effect of Some Common Soluble 
Chemicals on Liquid Ferments.’’ 

‘*Some Observations on Varying Sugar 
Additions in a Simulated Continuous Mix 
Process.’’ 

‘‘The Warburg Respirometer for the 
Study of Yeast Fermentation of Bread 
Doughs.’’ 

‘*Influence of pH on Yeast Function 
in Baking.’’ 

‘* Physiological Changes in the Viable 
Cells of Aging Active Dry Yeast.’’ 

Chemistry and Technology of Flour: 

‘*Histochemical Characterization of 
Wheat and Wheat Products. VI. Sulf 
hydryl Groups: Their Determination in 
Wheat Flour. Y.’’ 

‘Hydration Characteristics 
Doughs in Dilute Acid.’’ 

‘<The Application of Starch-gel Elec- 
trophoresis to the Water-soluble Pro- 
teins of Wheat Flour.’’ 

‘The Role of Some Flour Components 
and Related Substances in the Bromate 
Reaction in Dough.’’ 

‘*Rheological and Thermal Studies of 
Soft Wheat Flour Doughs.’’ 

‘*Basie Scientific Facts Relative to 
the Reproducibility in Farinography.’’ 

‘*Preparation and Properties of Sul- 
fated Wheat Flour.’’ 

‘“Deamidated Gluten — Preparation 
and Properties.’’ 

Continuous Breadmaking : 

*‘*Modern Understanding of Dough 
Development and Baking Chemistry Ap- 
plied to Continuous Dough Processing. 
Critieal Observations. ’’ 

‘*Faetors Affecting Quality and Their 
Control of Flour for Continuous Bread- 
making Processes.’’ 

Starch Chemistry: 

‘Measurements on Starch Gelatiniza- 
tion.’’ 

‘Use of a Freezing Pretreatment in 
the Separation of Amylose from Amy- 
lopectin of High-amylose Corn Starch.’’ 

‘*A Method for the Determination of 
Relative Amounts of Cereal, Fungal, and 
Bacterial Alpha-amylase in Mixtures and 
Its Application to Malted Wheat.’ 

‘*Viseosity Studies of Amylopectin 
with Milk Proteins.’’ 

‘*The Isolation of Maltulose from Al- 
pha-amylase Hydrolysates of Waxy 
Maize Starch.’’ 

‘*The Effect 
tures on Amylograms. 

‘*A Comparison of the In Vitro 
Digestibility of High-amylose Corn 
Starches with That of Other Starch.’’ 

Chemistry and Technology of Lipids: 

**Some Characteristics of Yolk Affect- 
ing Cake Doughnut Performance.’’ 
Stabilized 


of Flour 


of Starting Tempera- 


‘* Antioxidant Losses from 
Cereal Products.’’ 

‘*The Synergistic Effect of Calcium 
Propionate and Sorbie Acid in Inhibiting 


FOOD TECHNOLOGY, JUNE, 1961 


Mold Growth on Partially Baked Rolls.’’ 

‘*The Effect of Heat on Batters. IV. 
Shortening Crystallization.’’ 

‘*The Effect of Fatty Acid Composi- 
tion on the Performance of Lactylated 
Monoglycerides in Cake Mixes.’’ 

‘*Separation of the Lipase and 
Esterase Activities of Wheat Germ.’’ 

**The Phospholipids of Wheat Flour.’’ 

Flavor Research: 

‘*Effeet of Processing Variations on 
the Aleohol, Carbonyl, and Organie Acid 
Contents of Pre-ferments for Bread- 
baking.’’ 

**Yeast-leavened Flavor: Development 
and Evaluation. ’’ 

‘“Tdentification of Carbonyl 
pounds Produced in Pre-ferments. ’ 


Literature 


Books 


Consumer Economic Problems, W. Har- 
mon Wilson and Elvin 8. Eyster, 1961, 


‘ 
Com 


South-Western Pub. Co., 5101 Madi- 
son Rd., Cincinnati 27, Ohio. Sixth 
edition, $4.00. Pioneer textbook in 


field includes buying guides for foods. 


Advances in Food Research, 1960, Edited 
by C. O. Chichester, E. M. Mrak and 
G. F. Stewart, Academie Press, 111 
Fifth Ave., New York 3, N. Y. 


Modern Insecticides and World Food 
Production, 1960, F. A. Gunther aad 
L. R. Jeppson, John Wiley & Sons 
Ine., New York, $8.50. 


Milestones in Microbiology, Mareh 1961, 
Edited by Thomas Brock, Prentice 
Hall, Ine., Englewood Cliffs, N. J., 
$3.95 (paper bound). 


Pure Food and Pure Food Legislation, 
1960, Edited by A. J. Amos, But- 
terworths, London, $4.00 (paper 


bound). 


Bulletins 


The Royal Family Grows Restless, Feb. 
1961, Bank and Publie Relations Dept., 
Fed. Res. Bank Philadelphia, Phila- 
delphia 1, Pa., free. Changing con- 
sumer spending habits. 


New Spending Pattern Evolves, Feb. 18, 
1961, MeGraw-Hill, Ine., 330 W. 42nd 
St., N. Y., 50 cents. Shifts in 
sumer spending—foods and beverages 
down; shows emphasis placed on 
service. 


con- 


Have Consumers Stopped Wanting? Feb. 
17, 1961, Printer’s Ink, 635 Madison 
Ave., N. Y., 25 cents. Disproves critics 
who say consumers no longer have in- 
sistent needs, or that they are more 
thrift-minded than ever before. 


American Potato Yearbook, 1961, C. Sted- 
man Maecfarland, Jr. Editor and 
Publisher, 8 Elm Street, Westfield, 
New Jersey, $2.00 
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What happens 
from Eastman! 


Case Tenox 2 arriving... 


“It was late Friday afternoon, and I 
was anticipating the night game at 
Comiskey Park,” related one of our 
Chicago representatives. 

“I had completed my last call for the 
week, but on the way home stopped 
at a telephone booth to touch base 
with the office—to learn to my dismay 
that a good customer of ours out in 
Iowa had a sacrifice play working. 
Only, his sacrifice situation involved 
a kettleful of edible fat. 

“As he had put it, ‘The fat is in the 
fire.’ Seems his rendering operation 
was well underway when he discov- 


ered that he was out of Tenox 2 (one 
of our food-grade antioxidants that 
protects edible fat against developing 
off-odors and flavors). Unless he could 
obtain the antioxidant right away, the 
whole batch would very shortly enter 
the inedible category. 

“Well, I knew that to get a common 
carrier into our local warehouse for a 
weekend pickup was out of the ques- 
tion. I had tried this before without 
success, but I headed for the office 
anyway to check all the possibilities. 

“As I parked the car and absent- 
mindedly crossed the street, I had to 


circle around a bus waiting for the 
light. That did it. I recrossed, got in 
the car, drove to our warehouse, 
picked up the Tenox, and headed for 
the Greyhound bus depot. 

“My luck held, for they had a sched- 
uled stop. After seeing this unusual 
fare off, I wired the customer: CASE 
TENOX 2 ARRIVING GREYHOUND 
TERMINAL 11 P.M. TONIGHT. 

“A wire on my desk Monday morn- 
ing made the effort very worth while. 
It read simply: THANKS.” 

An usual delivery? Yes, but a typi- 
cal example of Eastman service. 


Eastman CHEMICAL PRODUCTS, INC., xincsport, TENNESSEE, Subsidiary of Eastman Kodak Company 
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Geared to New Product Survival, 1961, 
Evans Research and Development 
Corporation, 250 East 43rd Street, 
New York, N. Y., free. 


Annual Report, 1959, Low Temperature 
Research Station, Cambridge, Eng 
land, Two shillings and sixpencee. 


Meat Industry Trends, 1961, H. L. 
Rothra, Editor, Meat, 59 E. Van 
Buren St., Chicago 5, Illinois. 


Food Additives, What they are/How they 
are used, 1961, Manufacturing Chem 
ists’ Assoe., Ine., 1825 Connecticut 
Ave., N.W., Washington 9, D. C., 
free—(in quantity 20 cents). 


A Users Guide for the reference book 
Food Additives, What they are/How 
they are used, 1961, Manufacturing 
Chemists’ Assoc., Ine., 1825 Con 
necticut Ave., N. W., Washington 9, 
D. C., free. 


Insecticide Recommendations of the En 
tomology Research Div. for the Con 
trol of Insects Attacking Crops and 
Livestock for 1961, E. F. Knipling, 
Agriculture Handbook No. 120, 
Agricultural Research Service and 
Federal Extension Service, U. De 
partment of Agriculture, free. 


Output of Factories Processing Farm 
Food Products in the U. 8. 1909 
1958, 1960, William H. Waldorf, 
Technical Bulletin No. 1223, Agri 
eultural Marketing Service, U. 8. 
Department of Agriculture, free. 


Food and Your Weight, November 1960, 
Louise Page and Lillian J. Fincher, 
Home and Garden Bulletin No. 74, 
Agricultural Research Service, U. 8. 
Department of Agriculture, free. 


Energy Expenditures of Women Per 
forming Selected Activities, Deeem 
ber 1960, Martha Richardson and 
Earl C. MeCracken, Home Eco 
nomics Report No. 11, 
Agricultural Research Service, U. 8. 
Department of Agriculture, free. 


Research 


Freeze Drying November 
1960, eatalogue, Vickers-Armstrongs, 
Lt., Swindon, Wiltshire, England. 


Equipme nt, 


An Introduction to Density Gradient 
Centrifugation, Spinco Technical Re 
views, 1960, Beckman Instruments 
Ine., Palo Alto, California, free. 


Consumer Purchases of Citrus and Other 
December 1960, Clive E 
Johnson, Agricultural Marketing 
Service, U. S. Department of Agri 
culture in Cooperation with the Flor 


Juices, 


ida Citrus Commission, free. 


The Ineide nee and Implications of Peni 
cillin in Milk Supplies in New South 
Wales, R. J. Richards, Biological 
Branch, Department of Agriculture, 
Sydney, N.S.W., Australia. 


Effects of Ionizing Radiation on the Hu 
man Hemapoietic System, 1961, 
Publication 875, National Academy 
of Sciences, National 
Council, Washington, D. C., free. 


Research 


FOOD TECHNOLOGY, JUNE, 1961 


Effects of Inhalea Radioactive Particles, 
1961, Publication 848, National 
Academy of Sciences, National Re 
search Council, Washington, D. C., 
free. 

Long-Term Effects of Ionizing Radi 
ations from External Sources, 1961, 
Publication 849, National Academy 
of Sciences, National Research Coun 
cil, Washington, D. C., free. 

Grower-Processor Coordination in the 
California Broiler Industry, Decem 
ber 1960, John A. Jamison, Califor 
nia Agricultural Experiment Sta 
tion, Giannini Foundation of Agri 
eultural Economics, Berkeley, Cali 
fornia, free. 

The Nargus Bulletin Market Facets, 
Structure of U. 8. Food Industry, 
Nargus Bulletin, 360 North Michi 
gan Ave., Chicago 1, Illinois, free. 

American Trucking Trends, 1960, Ameri 
ean Trucking Assoe., Ine., 1616 P. 
Street, N. W., Washington 6, D. C. 

Handbook of Welded Steel Tubing, 
September 1960, Welded Steel Tube 
Institute, Ine., 1604 Hanna Build 
ing, Cleveland 15, Ohio, $10.00. 

— 


In Memoriam 


William J. Byer died March 17, 
1961, at the age of 51, in Los An- 
geles, California. He was em- 
ployed at the Los Angeles plant of 
Louis Milani Foods, Ine., and pre- 
viously at their Chicago plant, and 
had been a member of the respec- 
tive IFT sections. 


News 


American Food Laboratories, 
Ine., announces that lecithinated 
stabilizer-emulsifier for frozen des- 
serts is now available in liquid 
form. It is a blend, according to 
the manufacturer, which is com- 
pletely dispersed in cold formula- 
tions, can be easily added for batch 
processing, or used with a propor- 
tioning pump for continuous proc- 
essing. Lecithinated stabilizers are 
available with different types of 
gums, designed to meet the needs 
of the individual users. It is avail- 
able in pre-weighed unit cans or in 
bulk from American Food Labora- 
tories, Ine., 1000 Stanley Avenue, 
Brooklyn 8, N. Y 


Clemson College will initiate a 
Food Technology curriculum in 
the first semester of the 1961-62 
academic year according to an an- 
nouncement by Dr. J. K. Williams, 


Dean of the College, and Dr. J. H. 
Mitchell, Jr., Head of the Depart- 
ment of Food Technology and Hu- 
man Nutrition. The curriculum is 
based upon recommendations of 
IFT Education Committee. 

The Department of Food Tech- 
nology and Human Nutrition was 
established several years ago as a 
research unit of the South Carolina 
ixperiment Station. Staff mem- 
bers of this department will as- 
sume teaching responsibilities in 
the expanded program. 


News Notes 

Glyeco Chemicals Division of 
Chas. L. Huisking & Co., Inc., has 
a new 12 page catalog on food 
emulsifiers including new products 
cleared by the FDA. The catalog 
has details on applications and 
regulations concerning permissible 
usage levels. For further informa- 
tion, write Glyco Chemicals, 417 
Fifth Avenue, New York 16, New 


York. 
PERSONNEL 


Professor Milton E. Parker, Di- 
rector of Food Engineering of the 
Illinois Institute of Technology, 
will retire from that position effee- 
tive June 15th. Mr. Parker re- 
ceived a citation as counselor and 
teacher from the IIT Alumni As- 
sociation on May 19th. He pro- 
poses to continue private consulting 
specializing in calorie density con- 
trol of foods as well as special phar- 
maceutical research development, 
in addition to animal feed formula- 
tions. His office will be loeated in 
Room 1125, 135 South LaSalle 
Street, Chicago 3, Illinois. 

Two personnel changes affecting 
IFT members were announced re- 
cently by the California and Ha- 
waiian Sugar Refining Corporation. 
Henry C. Strecker has been ap- 
pointed Chief Chemist — Quality 
Control — in the Technical Depart- 
ment of the Crockett Refinery. 
Prior to his association with C and 
H in 1959, he was Manager of 
Quality Control for Beech-Nut Life 
Savers. Gordon E. Miller, Techni- 
eal Service Representative in the C 
and H Los Angeles Sales Office 
since 1955, has been named to sue- 
eeed Strecker as Coordinator—In- 
dustrial Services. 
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SITUATIONS WANTED | 


Reply directly to ad BY BOX NUM- 
BER (where indicated) via: Executive 
Secretary, Institute of Food Technolo- 
gists, 176 West Adams Street, Chicago 
3, Illinois. 


B.S. degree in Chemistry and Mathe- 
matics. 8 yrs. exp. in Statistical Quality 
Control and as Governmental Food Con- 
trol Chemist. Some experience with 
meat. Able to handle correspondence 
and personnel. Desire position in pro- 
duction, technical service or quality con- 
trol in South or Southwest. Salary 
$7,000. REPLY BOX 857. 


AVAILABLE: FLAVOR CHEMIST 
6 years concentrated experience in 
duplication and creation of flavors for 
the food and candy drug 
makers, tobacco and beverage industry. 
Metropolitan New York area preferred. 
REPLY BOX 865. 


processors, 


FOOD TECHNOLOGIST, M.S. 1948, 
desire: position in technical sales-service 
or product development. Experience in 
sales, production management, quality 
control, and product development with 
dairy products, drying operations, bac 
teriology, protein modification, and en 
zymes; technical writer and inventor of 
a eontinuous process. Will relocate for 


challenging opportunity. REPLY BOX 
863. 

AVAILABLE: Ph.D. Food Technolo 
gist—3 yrs. industrial experience in 


Product Development and Improvement 
of Prepared Mixes and Refrigerated 
Dough Products. Desires position in 
industrial research and/or development. 


Salary $10,000. REPLY BOX 854. 


Experienced individual in fields of tech 
nical sales, development, 
service, and product development de 
sires responsible position in 
fields. Major experience in frozen des 
serts, flavors, and syrups. REPLY BOX 
862. 


sales sales 


above 


Product development and/or planning 
position desired by recent fruit and 
vegetable processing graduate. He is 


also experienced in Q.C. and technical 


service. Salary, $6,000. REPLY BOX 
A-0108., 

Product development or industry re 
search interest man currently involved 


irradiation research. Salary, 


REPLY BOX A-0111. 


in food 
10.000. 


Dairy products interest individual with 
experience in product development and 
production. Experience has been with 
malted milks, cocoa, non-fat milk pow 
der. Salary, $8,500. REPLY BOX 
A-0112. 


fecent graduate with experience in 
frozen foods and freeze-dehydration de 
sires position wherein he can apply new 
products and methods to production, 
Salary, $7,000. REPLY BOX A-1101. 


June, 1961 food science graduate with 
experience in basic sciences as applied 
to foods, desires position in product 
development, technical sales or service, 
or quality control. Salary, $6,000. 


REPLY BOX A-1114. 


1961 food technology graduate desires 
quality control or any R & D position in 
the food industry. REPLY BOX A 
1117. 
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-POSITIONS AVAILABLE 


Reply directly to ads BY BOX NUM- 
BER (where indicated), including the 
company name of your current employer, 
via: Executive Secretary, Institute of 
Food Technologists, 176 West Adams 
Street, Chicago 3, Illinois. 


Cereal chemist or food technologist— 


National company has opening for man 


with experience in baking technology 
to supervise control bake shop and to 
conduct experimental work in field of 


baking. Salary commensurate’ with 
training and experience. Write to Dr. 
J. A. Thorn, Manager of Laboratories, 
Red Star Yeast and Products Co., P. O. 
Box 737, Milwaukee 1, Wisconsin. 


WANTED: College graduate, major in 
Chemistry or Food Technology for work 
in southeastern pickle plant as head of 
Quality Control and Assistant Plant 
Manager. Production background pre- 
ferred, but pickle experience not re- 
quired. Established company. Reply 
should include education, age, experi- 
ence and present salary. BOX 841. 


FOOD TECHNOLOGISTS 
National multi-plant frozen food com- 
pany undergoing rapid expansion offers 
outstanding career opportunity for 
FOOD TECHNOLOGISTS WITH B.S. 
DEGREE AND 0-2 YEARS QUALITY 
CONTROL EXPERIENCE. Initial 
orientation will involve the complete 
range of Quality Control phases prior 


to staff assignment, 

Excellent starting salary with liberal 
fringe benefits program. 

Reply with detailed résumé stating 
present salary and company affiliation 
to BOX 859. 

Assistant Food Technologist required 


on development new lines. College de- 
gree and three to five years experience 


preferably with heat processed foods. 
Loeation: Middle Atlantic States. Will 
work under Chief Food Technologist. 
Please give full details in first appli- 
eation. BOX 874. 

FOOD TECHNOLOGIST—A. So. 
Cali:. location. Scientific degree ap 
plieable to Food Technology. 3-5 yrs. 
exp. preferably with meat or similar 


and develop- 
canned frozen foods. 
Advance to Section 


REPLY BOX 


products. Formulation 
ment of new 
Limited travel. 
Head within 1-2 years. 
866, 


and 


FOOD 
Calif. 


TECHNOLOGIST—B. So. 
location. Seientific degree ap- 
plieable to Food Technology. 1-2 yrs. 
exp. preferably with meat or similar 
products. Limited travel, excellent op- 
portunity for advancement. REPLY 
BOX 867. 


Senior chemist. West coast location. 
Degree and 5 to 10 years experience re- 
quired of individual who will conduct 
research in product development. Salary, 


$8,500. REPLY BOX X-)402. 


Librarian. West coast location. De- 


gree and 1 to 10 years experience as 
technical librarian required of person 
who will fill position of technical li 


brarian. Experience in organic chemis 
try also required. Salary, $6,000. RE 
PLY BOX X-0403. 
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WANTED: CANNERY Experienced 
man, preferably with B.S. degree, for 
Plant Superintendent, Tomato Products, 
Fruit Juices, Jams, and allied products. 
Location South America. Knowledge of 
Production Management and Labora 
tory Procedures Required. State age, 
experience, occupation, present salary. 
Write BOX 868. 
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ment and résumé to: 


MARGARINE/EMULSION CHEMIST 
To assist in product development work 


involving margarine type emulsion sys 


tems. At least 2-4 years experience 
with understanding of emulsion tech 
nology. Join a progressive company in 
the New York Metropolitan area. RE 
PLY BOX 869. 

Food Engineer. Eastern jloeation. Ex 


perience in food engineering and/or 
vacuum processes and freeze dehydra 
tion necessary for individual who will 
operate pilot plant and assist in de 
velopment of commercial plants. RE 


PLY BOX X-0202. 


Food Technologist (3). Continental U.S 
or Canada. B.S. in food technology and 
0-1 year experience. Will maintain 
liaison and provide eonsulting service 
to production staff on problems of 
quality maintenance and improvement. 
Salary, 36,000. REPLY BOX X-1102. 


Technical Salesman (4). Southeast and 
Midwest locations. Will train the right 
man to sell seasonings, spices, and food 


additives, REPLY BOX X-1103. 


FOOD TECHNOLOGISTS 
B.S., M.S., Ph.D. 
Mead Johnson & Company’s continuing rapid growth has created new research 
positions at all degree levels in the development of nutritional food products. 


Development of products meeting high standards of nutrition, acceptance, and 
stability. Scope of responsibility and salary will depend on experience and training. 
Liberal employee benefits and relocation allowances. Please send salary require- 


Manager, Technical Employment 
Mead, Johnson & Company 
Evansville 21, Indiana 


control on frozen or canned vegetables 
required of individual who will super 
vise and participate in quality control 


program. Salary: $10,000. REPLY 
BOX X-1202. 

Flavorist. Eastern location. Prefer 
chemistry, food technology or related 


degree and experience. Successful ap- 
plicant will be involved in application 
of flavors and new flavor raw materials 
to foods and beverages, and the ere- 
ation of new flavors. REPLY BOX 
X-1201. 


Piant Quality Control Manager. Eastern Regional Manager, Technical Sules 
location. B.S. in food technology or re- Service. East, midwest, and west coast 
lated field, knowledge of basic bac- locations. Seience degree required, 
teriology, and experience in quality and experience in product development, 


production, or teehnical sales desired. 
Person selected will direct the sale of 


eanned fruit products to the food 
processing industry. REPLY BOX 
X-0101. 


Chemist. Eastern location. B.S. and 
four years experience desired for indi- 
vidual to be responsible for quality con- 
trol and product development. Products 
include puddings, baking powders, and 
flavors. REPLY BOX X-0211. 


Manager, Product Development Labo- 
ratory. Western location. Product de- 
velopment, proven record and experi- 
ence, plus seientifie degree required. 
Position entails product development in 
canned frozen and dehydrated products. 


REPLY BOX X-0102. 


Technical Counselor. Loeation within 
U. 8. Degree in food technology, chemis- 
try, or bacteriology required, and food 
production and quality control experi- 
ence desirable. Will act in capacity of 
food technologist. REPLY BOX X-1101. 


Food Technologist 


Bakery Industry 
Experience 


Progressive, national supplier of 
basic ingredients to Bakery and 
Food Industry in Newark, N. J. 
area, has opening for imaginative 
chemist, 25 to 35, with minimum 3 
years laboratory experience in 
bakery and food products. Will 
devise formulae for cakes, cake 
fillings and toppings. Also will 
conduct control tests. Food flavor 
ing experience necessary. Must 
have degree in Ch. or Ch. Eng. At 
tractive salary with growth poten 
tial. Outstanding fringe program. 
Submit résumé with salary re 
quirements in confidence to BOX 
S64, 


COMPLETE SERVICE... 
for the FOOD INDUSTRY! 


Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List. 


ASSOCIATES 
755 Forest Park Avenue 
30 Lewis 8, Mo. JE. 1-5922 


Chemist. Eastern location. Beginning 
chemist or food technologist with B.S. 
degree, desired for analytical work. 
Should lead to research or production 
position. REPLY BOX X-0208. 


BIOLOGICAL 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging —Toxicological 
Mycological and Bacteriological 
Investigations 


United States Testing 


1415 Park Ave., Hoboken, N. J 


LABORATORY SERVICES 


WISCONSIN for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
RESEARCH Analyses, Biological Evaluation, 

FOUNDATION 


Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedu ° 
P.O. Box 2217, uml 


Food Technologist 
Chemist 
To $8,500 


CAREER OPPORTUNITY 
Field service and development work on 
basic food components used by canned, 
frozen, baked and confectionery manu 
facturers. Graduate food chemist 1-5 
years experience. Location: Central New 
Jersey. National multi-plant chemical com 
pany 


Write education and experience in detail. 


REPLY BOX 861 


| Consultation and Research since 1922 | 
and 


Toxicology 
Pharmacology 
esearch Biochemistry 


ies | Bacteriology 


are 


| L. Oser PH.D. 


Maurice Avenue 


at 58th St., Maspeth 78 
New York City 
TWining 4-0800 


WHERE EXPERIENCE COUNTS 
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SPECIALIZED PLACEMENT 


Service For Men 
In The Field Of 
FOOD TECHNOLOGY 
Our clients are—National—Our Serv- 
ice—Confidential—rapid—effective 


Forward a resumé—or, if you have not 
prepared one—mail your name and ad- 
dress for further information to 


TOM WHITE 


DRAKE PERSONNEL, INC. 
29 E. Madison Chicago, Lil. 


TRUESDAIL | 


CHEMiIsTs @ 


Member: American Counc:! of Independent Laboratories 


PROFESSIONAL SERVICES 
Since 1869 Schwarz Laboratories has been 


a leadi laboratory and technical service 
to the food and beverage industries. 
We offer thorough, expert advice on food 
problems of al types, analyses, flavor 
evaluations, product development, and le- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our brochure? 
SCHWARZ LABORATORIES, INC. 
230 Weshingten St., Mount Vernon, N.Y. 
Phone- MO 4-1100 Cable: Swoknip 
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An exciting new method for — removing oxygen 
from foods and beverages - fluffing - controlled fer- 
mentation of wines light carbonation of beverages. 


LOW COST 
EASY TO INSTALL 


The Airco Gas Sparging process is a new technique of 


injecting gas into liquid or semi-solid foodstuffs, juices, 
wines, oils, salad dressing, etc. as they are being proc- 
essed. Its purpose is either: 
1. To preserve product quality by flushing out oxygen, or 
2. To fluff the product by super-saturating it with mi- 

nute gas bubbles. 
Specifically, sparging accomplishes the following: 
Removal of oxygen from oxygen-sensitive liquids such 
as citrus juices, edible oils and essential oils, wines, etc. 
with nitrogen or COz. + Fluffing of mayonnaise, salad 
dressings, shortening, peanut butter, ice cream, etc. 
with nitrogen. + Controlled fermentation of wines with 
oxygen, nitrogen, and ‘Light carbonation or 
effervescence of wines and other beverages with CO2 
or No. 


The Unique Airco Gas Sparger: 


eevee 


AIR REDUCTION SALES COMPANY 


Customer Service Laboratory 
1400 East Washington Ave., Madison 10, Wisconsin 


This clean, simple, compact unit does the job during 
the process flow with no disturbance of existing equip- 
ment. It is easy to install, low in price, efficient. Please send complete information on sparging 


For further information about Airco Gas Sparging of 
APPLICATION MOST INTERESTING 


your products—fill out this coupon—mail it today, 


NAME 
TITLE 
COMPANY 
® ADDRESS. _ 
AIR REDUCTION SALES COMPANY 


CUSTOMER SERVICE LABORATORY 
1400 East Washington Ave.+ Madison 10, Wisconsin 
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When all ts said and done... 


NOTHING 


TASTES SO TRUE 


TO NATURE 


Exclusive Basic Materials for: Candy and Chewing Gum, Dairy Products (Ice Cream and Cheese), Soft Drinks, 
Desserts (Puddings and Gelatins), Meat Products, Syrups, Bakery Products (Cake Mixes, Crackers, Snack 
Items), Pharmaceutical Products, Liquors and Cordials. 


Write on your letterhead for free samples. 
NORDA, 601 W. 26 St., New York 1, N.Y. * Chicago * Los Angeles * San Francisco * Toronto * Montreal * Havana * London * Paris + Grasse * Mexico City 
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